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VARIANT THIOESTERASES AND METHODS 
OF USE 

Biology ( 2007 ) 7 : 1 - 11 ) . Mayer and Shanklin , BMC Plant 
Biology ( 2007 ) 7 : 1 - 11 , identify a C - terminal conserved 
acyl - ACP thioesterase catalytic domain characterized by a 
C - terminal hot dog fold encompassing the Cys - His - Asn 
catalytic triad . 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 5 

This application is a continuation of U . S . application Ser . SUMMARY 
No . 14 / 808 , 361 , filed on Jul . 24 , 2015 , which claims the 
benefit under 35 U . S . C . $ 119 ( e ) of U . S . Provisional Appli Provided is a non - natural protein , an isolated gene encod 
cation No . 62 / 028 , 641 , filed on Jul . 24 . 2014 . which are 10 ing the non - natural protein , an expression cassette express 
hereby incorporated herein by reference in their entireties ing the non - natural protein , or a host cell comprising the 
for all purposes . This application is technologically related expression cassette . In some embodiments , the non - natural 
to the subject matter of PCT / US2014 / 013676 . entitled “ Vari - protein has at least 80 % , 85 % , 90 % , 91 % , 92 % , 93 % , 94 % , 
ant Thioesterases and Methods of Use , ” and filed Jan . 29 , 95 % , 96 % , 97 % , 98 % or 99 % identity to SEQ ID NO : 1 and 
2014 . which is hereby incorporated herein by reference in its 15 comprises Tyrosine ( Y ) or Phenylalanine ( F ) at the position 
entirety . corresponding to position 163 of SEQ ID NO : 1 and / or 

Proline ( P ) , Lysine ( K ) , or Alanine ( A ) at the position 
SEQUENCE LISTING corresponding to position 186 of SEQ ID NO : 1 . In some 

embodiments , the non - natural protein further comprises a 
The instant application contains a Sequence Listing which 20 Lysine ( K ) at the position corresponding to position 228 of 

has been submitted electronically in ASCII format and is SEQ ID NO : 1 . 
hereby incorporated by reference in its entirety . Said ASCII In a related aspect , provided is a method for producing a 
copy , created on Oct . 5 , 2015 , is named triglyceride oil . In varying embodiments , the methods com 
SOLAPO27US _ SL . txt and is 180 , 154 bytes in size . prise expressing , in a host cell , the protein of mentioned 

25 immediately above , or a protein comprising at least 80 % , 
FIELD 85 % , 90 % , 91 % 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % or 

99 % identity one of SEQ ID NOs : 3 - 8 that has Y or F at the 
The present invention relates to variant acyl - ACP thio - position corresponding to position 163 of SEQ ID NO : 1 

esterases and their use in oil - producing cells , e . g . , to and / or P , K , or A at the position corresponding to position 
increase enzymatic activity toward certain acyl - ACP sub - 30 186 of SEQ ID NO : 1 . In some embodiments , the non 
strates and to promote increased production of oils with natural protein further comprises K at the position corre 
desired fatty acid profiles . sponding to position 228 of SEQ ID NO : 1 . The method 

further includes cultivating the host cell and isolating the oil . 
BACKGROUND In another aspect , provided is a method for increasing the 

35 C8 and / or C10 fatty acids in a fatty acid profile of an oil 
Today , fats and fatty acids primarily come from vegetable produced by an optionally oleaginous host cell . The method 

and animal sources , with the notable exception of commer - includes , providing a parent gene encoding a FATB enzyme , 
cial production of omega - 3 fatty acids by fermentation of mutating the gene to so as to have Y or F at the position 
microbes for use in baby formula and nutritional supple - corresponding to position 163 of SEQ ID NO : 1 and / or P , K , 
ments . Progress is being made however toward the com - 40 or A at the position corresponding to position 186 of SEQ ID 
mercial production of tailored oils using recombinant NO : 1 . In some embodiments , the non - natural protein fur 
microalgae . See PCT Publications WO2008 / 151149 , ther comprises K at the position corresponding to position 
WO2010 / 06032 , WO2011 / 150410 , WO2011 / 150411 , and 228 of SEQ ID NO : 1 . In varying embodiments , the method 
international patent application PCT / US12 / 23696 . further includes expressing the mutated gene in the host cell 
One method for producing a desired fatty acid profile in 45 and producing the oil . The fatty acid profile of the oil is 

an oleaginous organism is to introduce an acyl - ACP thio - thereby increased in C8 and / or C10 fatty acids relative to the 
esterase transgene ; e . g . , a transgene from a plant that pro parent gene . Optionally , the gene encoding the FATB 
duces a desired fatty acid . enzyme encodes a protein with at least 80 % , 85 % , 90 % . 

By terminating fatty acid biosynthesis , the acyl - acyl car 91 % , 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % or 99 % 
rier protein ( ACP ) thioesterase ( TE ) functionally determines 50 identity to SEQ ID NO : 1 , 13 or 14 . 
the length and identity of the fatty acid end product ( Salas In an embodiment , provided is a non - natural protein , an 
et al . , ( 2002 ) Archives of Biochemistry and Biophysics 403 : isolated gene encoding the non - natural protein , an expres 
25 - 34 ) . Based on amino acid sequence alignments , the plant sion cassette expressing the non - natural protein , or a host 
TEs have been shown to cluster into two families , FatAs , cell comprising the expression cassette . In varying embodi 
which show marked preference for 18 : 1 - ACP with minor 55 ments , the non - natural protein has at least 80 % , 85 % , 90 % , 
activity towards 18 : 0 - and 16 : 0 - ACPs ; and FatBs , which 91 % , 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % or 99 % 
hydrolyze primarily saturated acyl - ACPs with chain lengths identity to SEQ ID NO : 13 and A or K at the position 
that vary between 8 - 16 carbons ( Voelker , In Genetic Engi corresponding to position 230 of SEQ ID NO : 13 . A method 
neering Volume 18 . Edited by : Setlow J K . New York , for producing an oil includes expressing , in a host cell , the 
Plenum Press ; 1996 : 111 - 133 ; Ginalski , et al . , Nucl Acids Res 60 non - natural proteins described herein , cultivating the cell , 
( 2003 ) 31 : 3291 - 3292 ; and Jones , et al . , ( 1995 ) Plant Cell 7 : and isolating the oil . 
359 - 371 ) . FatB TEs have a conserved hydrophobic In another aspect , provided is a non - natural protein , an 
18 - amino acid domain ( Facciotti and Yuan ( 1998 ) European isolated gene encoding the non - natural protein , an expres 
Journal of Lipid Science and Technology 100 : 167 - 172 ) , and sion cassette expressing the non - natural protein , or a host 
a conserved Asn - His - Cys catalytic triad in the C - terminal 65 cell comprising the expression cassette . In some embodi 
catalytic domain ( Blatti , et al . , PLoS ONE ( 2012 ) 7 ( 9 ) : ments , the non - natural protein has at least 80 % , 85 % , 90 % , 
e42949 . doi : 10 . 1371 and Mayer and Shanklin , BMC Plant 91 % 92 % 93 % 94 % , 95 % , 96 % , 97 % , 98 % or 99 % 
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identity to SEQ ID NO : 45 and comprises A , T or V at the The term “ acyl - ACP preferring TE ” refers to the fatty 
position corresponding to position 74 of SEQ ID NO : 45 acyl - ACP substrate specificity of a TE . An acyl - ACP pre 
( G96 of wild - type Gm FATA ) and / or F , K or S at the position ferring TE preferentially liberates a particular fatty acid 
corresponding to position 69 of SEQ ID NO : 45 ( L91 of from an acyl - ACP substrate . For example , the acyl - ACP 
wild - type Gm FATA ) , and / or F . A . K or V at the position 5 preferring TE can preferentially liberate a given fatty acid 
corresponding to position 134 of SEO ID NO : 45 ( T156 of over all other fatty acids in the set of C8 : 0 , C10 : 0 , C12 : 0 . 
wild - type Gm FATA ) . In some embodiments , the non C14 : 0 , C16 : 0 , C18 : 0 , C18 : 1 , and C18 : 2 fatty acids . The 
natural protein further comprises A or V at the position preference of the acyl - ACP preferring TE can be detected as 
corresponding to position 89 of SEQ ID NO : 45 ( S111 of a higher Vmor ( or a higher k or a higher V / K ) in com 
wild - type Gm FATA ) and / or A at the position corresponding 10 parison to other non - preferred fatty acid - ACP substrates . 

The preference can be inferred from changes in fatty acid to position 171 of SEQ ID NO : 45 ( V193 of wild - type Gm profile of a cell genetically engineered to overexpress the FATA ) , and / or A or V at the position corresponding to acyl - ACP preferring TE relative to a control cell that does position 86 of SEQ ID NO : 45 ( G108 of wild - type Gm not overexpress the acyl - ACP preferring TE . 
FATA ) . 15 Numbering of a given amino acid polymer or nucleic acid In a further aspect , provided is a method for producing a polymer “ corresponds to ” or is “ relative to ” the numbering 
triglyceride oil . In various embodiments , the method com of a selected amino acid polymer or nucleic acid polymer 
prises expressing , in a host cell , the protein of claim 7 or when the position of any given polymer component ( e . g . , 
claim 8 , or a protein comprising at least 80 % , 85 % , 90 % , amino acid , nucleotide , also referred to generically as a 
91 % , 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % or 99 % 20 “ residue ” ) is designated by reference to the same or to an 
identity to one of SEQ ID NOs : 45 and 15 - 29 and comprises equivalent position ( e . g . , based on an optimal alignment or 
A , T or V at the position corresponding to position 74 of a consensus sequence ) in the selected amino acid or nucleic 
SEQ ID NO : 45 ( G96 of wild - type Gm FATA ) and / or F , K . acid polymer , rather than by the actual numerical position of 
or S at the position corresponding to position 69 of SEO ID the component in the given polymer . 
NO : 45 ( L91 of wild - type Gm FATA ) , and / or F , A , K or V 25 A “ variant ” is a polypeptide comprising a sequence which 
at the position corresponding to position 134 of SEQ ID NO : differs in one or more amino acid position ( s ) from that of a 
45 ( G156 of wild - type Gm FATA ) ; cultivating the host cell ; parent polypeptide sequence ( e . g . , by substitution , deletion , 
and isolating the oil . In some embodiments , the protein or insertion ) . A variant may comprise a sequence which 
further comprises A or V at the position corresponding to differs from the parent polypeptides sequence in up to 40 % 
position 89 of SEO ID NO : 45 ( S111 of wild - type Gm 30 of the total number of residues of the parent polypeptide 
FATA ) and / or A at the position corresponding to position sequence , such as in up to 40 % , 35 % , 30 % , 25 % , 20 % , 15 % , 
171 of SEQ ID NO : 45 ( V193 of wild - type Gm FATA ) , 10 % , 9 % , 8 % , 7 % , 6 % , 5 % , 4 % , 3 % 2 % or 1 % of the total 
and / or A or V at the position corresponding to position 86 of number of residues of the parent polypeptide sequence . For 
SEQ ID NO : 45 ( G108 of wild - type Gm FATA ) . example , a variant of a 400 amino acid polypeptide sequence 

In another aspect , provided is a method for increasing the 35 comprises a sequence which differs in up to 40 % of the total 
C18 : 0 fatty acids in a fatty acid profile of an oil produced by number of residues of the parent polypeptide sequence , that 
an optionally oleaginous host cell . In some embodiments , is , in up to 160 amino acid positions within the 400 amino 
the method further comprises providing a parent gene acid polypeptide sequence ( such as in 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 
encoding a FATB enzyme , mutating the gene to so as to have 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 
A , T or V at the position corresponding to position 74 of 40 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 
SEQ ID NO : 45 ( G96 of wild - type Gm FATA ) and / or F , K . 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 , 51 , 52 , 53 , 54 , 55 , 56 , 57 , 
or S at the position corresponding to position 69 of SEQ ID 58 , 59 , 60 , 61 , 62 , 63 , 64 , 65 , 66 , 67 , 68 , 69 , 70 , 71 , 72 , 73 , 
NO : 45 ( L91 of wild - type Gm FATA ) , and / or F , A , K or V 74 , 75 , 76 , 78 , 79 , 80 , 85 , 90 , 95 , 100 , 105 , 110 , 115 , 120 , 
at the position corresponding to position 134 of SEQ ID NO : 125 , 130 , 135 , 140 , 145 , 150 , 155 , or 160 amino acid 
45 ( T156 of wild - type Gm FATA ) ; expressing the mutated 45 positions within the reference sequence . 
gene in the host cell ; and producing the oil , whereby the fatty “ Naturally occurring ” as applied to a composition that can 
acid profile of the oil is increased in C18 : 0 fatty acids be found in nature as distinct from being artificially pro 
relative to the parent gene . In various embodiments , the duced by man . For example , a polypeptide or polynucleotide 
method entails further mutating the gene to so as to have that is present in an organism ( including viruses , bacteria , 
or V at the position corresponding to position 89 of SEO ID 50 protozoa , insects , plants or mammalian tissue ) that can be 
NO : 45 ( S111 of wild - type Gm FATA ) and / or A at the isolated from a source in nature and which has not been 
position corresponding to position 171 of SEO ID NO : 45 intentionally modified by man in the laboratory is naturally 
( V193 of wild - type Gm FATA ) , and / or A or V at the position occurring . “ Non - naturally occurring ” ( also termed “ syn 
corresponding to position 86 of SEQ ID NO : 45 ( G108 of thetic ” or “ artificial " ) as applied to an object means that the 
wild - type Gm FATA ) . In some embodiments , the gene 55 object is not naturally - occurring — i . e . , the object cannot be 
encoding the FATB enzyme encodes a protein with at least found in nature as distinct from being artificially produced 
80 % , 85 % , 90 % , 91 % , 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , by man . 
98 % or 99 % identity to one of SEQ ID NOs : 45 and 15 - 29 . A " cell oil ” or “ cell fat ” shall mean a predominantly 

triglyceride oil obtained from an organism , where the oil has 
Definitions 60 not undergone blending with another natural or synthetic oil , 

or fractionation so as to substantially alter the fatty acid 
An “ acyl - ACP thioesterase ” or “ acyl - ACP TE ” inter profile of the triglyceride . In connection with an oil com 

changeably refer to an enzyme that catalyzes the cleavage of prising triglycerides of a particular regiospecificity , the cell 
a fatty acid from an acyl carrier protein ( ACP ) during lipid oil or cell fat has not been subjected to interesterification or 
synthesis . Acyl - acyl carrier protein ( ACP ) thioesterases 65 other synthetic process to obtain that regiospecific triglyc 
( TEs ) hydrolyze acyl - ACP thioester bonds , releasing free eride profile , rather the regiospecificity is produced natu 
fatty acids and ACP . rally , by a cell or population of cells . For a cell oil or cell fat 
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produced by a cell , the sterol profile of oil is generally unless otherwise limited , include atypical amino acids that 
determined by the sterols produced by the cell , not by can function in a similar manner to naturally occurring 
artificial reconstitution of the oil by adding sterols in order amino acids . 
to mimic the cell oil . In connection with a cell oil or cell fat , The term " sequence ” , as used in connection with a 
and as used generally throughout the present disclosure , the 5 polypeptide or nucleic acid polymer refers to the order of 
terms oil and fat are used interchangeably , except where monomers making up the polymer or the sub - polymer or 
otherwise noted . Thus , an “ oil ” or a " fat " can be liquid , solid , fragment having that sequence . 
or partially solid at room temperature , depending on the “ subsequence ” of an amino acid or nucleotide sequence 
makeup of the substance and other conditions . Here , the is a portion of a larger sequence or the peptide or nucleic 
term “ fractionation " means removing material from the oil 10 acid sub - polymer or fragment characterized by the portion 
in a way that changes its fatty acid profile relative to the of the larger sequence . 
profile produced by the organism , however accomplished . The terms “ identical ” or “ percent identity , ” in the context 
The terms " cell oil ” and “ cell fat ” encompass such oils of two or more amino acid or nucleotide sequences , refer to 
obtained from an organism , where the oil has undergone two or more sequences or subsequences that are the same or 
minimal processing , including refining , bleaching and / or 15 have a specified percentage of amino acid residues or 
degumming , which does not substantially change its triglyc - nucleotides that are the same , when compared and aligned 
eride profile . A cell oil can also be a “ noninteresterified cell for maximum correspondence , as measured using a 
oil ” , which means that the cell oil has not undergone a sequence comparison algorithm or by visual inspection . 
process in which fatty acids have been redistributed in their F or sequence comparison to determine percent nucleotide 
acyl linkages to glycerol and remain essentially in the same 20 or amino acid identity , typically one sequence acts as a 
configuration as when recovered from the organism . reference sequence , to which test sequences are compared . 

A “ fatty acid profile ” is the distribution of fatty acyl When using a sequence comparison algorithm , test and 
groups in the triglycerides of the oil without reference to reference sequences are input into a computer , subsequence 
attachment to a glycerol backbone . Fatty acid profiles are coordinates are designated , if necessary , and sequence algo 
typically determined by conversion to a fatty acid methyl 25 rithm program parameters are designated . The sequence 
ester ( FAME ) , followed by gas chromatography ( GC ) analy - comparison algorithm then calculates the percent sequence 
sis with flame ionization detection ( FID ) . The fatty acid identity for the test sequence ( s ) relative to the reference 
profile can be expressed as one or more percent of a fatty sequence , based on the designated program parameters . 
acid in the total fatty acid signal determined from the area Optimal alignment of sequences for comparison can be 
under the curve for that fatty acid . FAME - GC - FID mea - 30 conducted using BLAST set to default parameters . 
surement approximate weight percentages of the fatty acids . As used with reference to polypeptides , the term " wild 

" Microalgae ” are microbial organisms that contain a type ” refers to any polypeptide having an amino acid 
chloroplast or plastid , and optionally that is capable of sequence present in a polypeptide from a naturally occurring 
performing photosynthesis , or a prokaryotic microbial organism , regardless of the source of the molecule ; i . e . , the 
organism capable of performing photosynthesis . Microalgae 35 term " wild - type ” refers to sequence characteristics , regard 
include obligate photoautotrophs , which cannot metabolize less of whether the molecule is purified from a natural 
a fixed carbon source as energy , as well as heterotrophs , source ; expressed recombinantly , followed by purification ; 
which can live solely off of a fixed carbon source . Microal - or synthesized . 
gae include unicellular organisms that separate from sister The term “ mutation ” shall mean a change in a protein , 
cells shortly after cell division , such as Chlamydomonas , as 40 polypeptide , or peptide sequence or subsequence produced 
well as microbes such as , for example , Volvox , which is a by altering one or more nucleotides in a nucleotide coding 
simple multicellular photosynthetic microbe of two distinct for the protein , polypeptide , or peptide , however the altera 
cell types . Microalgae include eukaryotic Chlorophyceae tion is obtained . For example , a mutation can be produced 
such as Chlorella , Dunaliella , and Prototheca . Microalgae randomly , by PCR mutation , by synthesis of entire gene , or 
also include other microbial photosynthetic organisms that 45 any other method . 
exhibit cell - cell adhesion , such as Agmenellum , Anabaena , The term “ vector ” is used herein to describe a DNA 
and Pyrobotrys . Microalgae also include obligate hetero - construct containing a polynucleotide . Such a vector can be 
trophic microorganisms that have lost the ability to perform propagated stably or transiently in a host cell . The vector 
photosynthesis , such as certain dinoflagellate algae species can , for example , be a plasmid , a viral vector , or simply a 
and species of the genus Prototheca . 50 potential genomic insert . Once introduced into a suitable 
An " oleaginous ” cell is a non - human cell capable of host , the vector may replicate and function independently of 

producing at least 20 % lipid by dry cell weight , naturally or the host genome , or may , in some instances , integrate into 
through recombinant or classical strain improvement . An the host genome . 
" oleaginous microbe ” or “ oleaginous microorganism is a As used herein , the terms " expression vector " or " expres 
microbe , including a microalga that is oleaginous . 55 sion construct or " expression cassette ” refer to a nucleic 
As used with respect to polypeptides or polynucleotides , acid construct , generated recombinantly or synthetically , 

the term “ isolated ” refers to a polypeptide or polynucleotide with a series of specified nucleic acid elements that permit 
that has been separated from at least one other component transcription of a particular nucleic acid in a host cell . The 
that is typically present with the polypeptide or polynucle - expression vector can be part of a plasmid , virus , or nucleic 
otide . Thus , a naturally occurring polypeptide is isolated if 60 acid fragment . An " expression cassette ” includes a coding 
it has been purified away from at least one other component nucleic acid ( CDS ) to be transcribed operably linked to a 
that occurs naturally with the polypeptide or polynucleotide . promoter and a 3 ' UTR . Optionally , and in the Examples 
A recombinant polypeptide or polynucleotide is isolated if it below , the promoter of an expression cassette is a heterolo 
has been purified away from at least one other component gous promoter . 
present when the polypeptide or polynucleotide is produced . 65 “ Exogenous gene ” refers to a nucleic acid transformed 

The terms " polypeptide ” and “ protein ” are used inter - into a cell . The exogenous gene may be from a different 
changeably herein to refer a polymer of amino acids , and species ( and so heterologous ) , or from the same species ( and 
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so homologous ) relative to the cell being transformed . In the senger RNA ( MRNA ) or amplification ; DNA molecules 
case of a homologous gene , it occupies a different location produced synthetically or by amplification ; and mRNA . The 
in the genome of the cell relative to the endogenous copy of term “ polynucleotide ” encompasses double - stranded 
the gene . The exogenous gene may be present in more than nucleic acid molecules , as well as single - stranded mol 
one copy in the cell . The exogenous gene may be maintained 5 ecules . In double - stranded polynucleotides , the polynucle 
in a cell as an insertion into the genome or as an episomal otide strands need not be coextensive ( i . e . , a double - stranded 
molecule . polynucleotide need not be double - stranded along the entire An “ inducible promoter ” is one that mediates transcrip 
tion of an operably linked gene in response to a particular The term “ host cell ” refers to a cell capable of maintaining 
stimulus . 10 a vector either transiently or stably . Host cells include , 

As used herein , the phrase “ in operable linkage ” refers to without limitation , bacterial cells , yeast cells , insect cells , 
a functional linkage between two sequences , such a control algal cells ( e . g . , microalgal cells ) , plant cells and mamma 
sequence ( typically a promoter ) and the linked sequence . A lian cells . Other host cells known in the art , or which become 
promoter is in operable linkage with an exogenous gene if it known , are also suitable for use in the invention . 
can mediate transcription of the gene . 15 As used herein , the term “ complementary ” refers to the 

A “ promoter ” is defined as an array of nucleic acid control capacity for precise pairing between two nucleotides . For 
sequences that direct transcription of a nucleic acid . As used example , if a nucleotide at a given position of a nucleic acid 
herein , a promoter includes necessary nucleic acid molecule is capable of hybridizing with a nucleotide of 
sequences near the start site of transcription , such as , in the another nucleic acid molecule , then the two nucleic acid 
case of a polymerase II type promoter , a TATA element . A 20 molecules are considered to be complementary to one 
promoter also optionally includes distal enhancer or repres another at that position . The term " substantially comple 
sor elements , which can be located as much as several mentary ” describes sequences that are sufficiently comple 
thousand base pairs from the start site of transcription . mentary to one another to allow for specific hybridization 

As used herein , the term “ recombinant ” when used with under stringent hybridization conditions . In various embodi 
reference , e . g . , to a cell , or nucleic acid , protein , or vector , 25 ments , the variant genes encoding variant FATB genes 
indicates that the cell , nucleic acid , protein or vector , has disclosed below can be replaced with a substantially 
been modified by the introduction of an exogenous nucleic complementary gene having suitable activity . 
acid or protein or the alteration of a native nucleic acid or The phrase " stringent hybridization conditions ” generally 
protein , or that the cell is derived from a cell so modified . refers to a temperature about 5° C . lower than the melting 
Thus , recombinant cells express genes that are not found 30 temperature ( Tm ) for a specific sequence at a defined ionic 
within the native ( non - recombinant ) form of the cell or strength and pH . Exemplary stringent conditions suitable for 
express native genes that are otherwise abnormally achieving specific hybridization of most sequences are a 
expressed over - expressed , under - expressed or not temperature of at least about 60° C . and a salt concentration 
expressed at all . “ Recombinant nucleic acid ” as used herein of about 0 . 2 molar at pH 7 . 0 . 
refers to nucleic acid molecules that are initially synthesized 35 
through the use of laboratory methods , thereby creating BRIEF DESCRIPTION OF THE DRAWINGS 
nucleic acid sequences that are not normally found in nature . 
By using laboratory methods , recombinant nucleic acid FIG . 1 illustrates a sequence alignment of the Cuphea 
molecules in operable linkage with different sequences ( e , g . , hookeriana FATB2 ( SEQ ID NOS 69 and 70 , respectively , 
promoter , targeting sequence , etc . ) is achieved . Thus an 40 in order of appearance ) versus the Cuphea avigera FATB1 
isolated nucleic acid , in a linear form , or an expression ( SEQ ID NOS 71 and 72 , respectively , in order of appear 
vector formed in vitro by ligating DNA molecules that are ance ) illustrates the two amino acid differences between 
not normally joined , are both considered recombinant for the these thioesterases within their N - terminal specificity 
purposes of this invention . It is understood that once a domain . 
recombinant nucleic acid is made and reintroduced into a 45 FIGS . 2A - B illustrate ( A ) a sequence alignment of FATB 
host cell or organism , it will replicate non - recombinantly , thioesterases isolated from Cuphea genomes . The position 
i . e . , using the in vivo cellular machinery of the host cell of the conserved Methione relative to the Catalytic Triad 
rather than in vitro manipulations ; however , such nucleic ( Cys , His , and Asn ) and N - terminal Specificity domain is 
acids , once produced recombinantly , although subsequently highlighted ; and ( B ) a sequence comparison of the Cpal 
replicated non - recombinantly , are still considered recombi - 50 FATB1 , Ch FATB2 and Ca FATB1 surrounding the high 
nant for the purposes herein . Similarly , a “ recombinant lighted methione ( SEQ ID NOS 73 - 75 , respectively , in order 
protein ” is a protein made using recombinant techniques , of appearance ) . The Ca FATB1 is unique due to the presence 
i . e . , through the expression of a recombinant nucleic acid as of a lysine instead of the methione . 
depicted above . FIGS . 3A - E illustrate histograms of C8 - C14 fatty acid 

A “ transit peptide ” is an amino acid sequence that directs 55 profiles of microalgal oil with mean and median values for 
the trafficking of a polypeptide fused to the signal sequence . multiple transformants of wild type and position 228 variant 
In connection with plastidic cells expressing the polypep - Cuphea hookeriana FATB2 ( ChFATB2 ) , Cuphea avigera 
tide , the transit peptide may direct trafficking of the poly - FATB1 ( CaFATB1 ) that depart from predictions based on 
peptide to the plastid ( i . e . , a plastid targeting peptide ) . prior data from an E . coli model . 

The term " polynucleotide ” refers to a deoxyribonucle - 60 
otide or ribonucleotide polymer , and unless otherwise lim DETAILED DESCRIPTION 
ited , includes known analogs of natural nucleotides that can 
function in a similar manner to naturally occurring nucleo Introduction 
tides . The term “ polynucleotide ” refers any form of DNA or 
RNA , including , for example , genomic DNA ; complemen - 65 In illustrative embodiments , variant FATB acyl - ACP thio 
tary DNA ( DNA ) , which is a DNA representation of esterases described herein allow for control over acyl - ACP 
mRNA , usually obtained by reverse transcription of mes thioesterase substrate specificity . As a result , host cells 
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expressing the acyl - ACP thioesterases produce oils with For example , the C8 / 10 ratio can be equal to or greater than 
altered fatty acid profiles . In certain embodiments host cells 0 . 3 , 0 . 5 , 0 . 7 , 0 . 9 , 1 . 0 , 1 . 2 , 1 . 4 , 1 . 6 , 1 . 8 , 2 . 0 , 2 . 2 , 2 . 4 , 2 . 6 , 2 . 8 , 
expressing the variant acyl - ACP thioesterases produce tri - or 3 . 0 . 
glceride - rich cell oils with fatty acid profiles characterized The embodiments also encompass the residual biomass 
by elevated mid chain fatty acids such as C8 : 0 , C10 : 0 , 5 from such cells after oil extraction , oleochemicals , fuels and 
C12 : 0 , and C14 : 0 fatty acids . A specific embodiment food products made from the oils and methods of cultivating 
includes providing a FATB acyl - ACP thioesterase gene , the cells . In varying embodiments , the cells are microalgal 
mutating the gene so as to alter the amino acids in the gene cells , including heterotrophic or obligate heterotrophic cells , 

and cells classified as Chlorophyta , Trebouxiophyceae , product at the positions corresponding to H163 and / or L186 
of the reference Cuphea hookeriana FATB2 gene ( SEQ ID 10 Chlorellales , Chlorellaceae , or Chlorophyceae . The cells can 
NO : 1 ) . Optionally , the H163 and / or L186 mutant is com also be plant cells or cells of macroalgae . Host cells having 

a type II fatty acid synthesis pathway are preferred . bined with a mutation at M228 . Although the examples given below use the Trebouxiophyte As described in more detail in Example 1 , by expressing Prototheca moriformis as a host cell , the genes , constructs such variant FATB2 genes , stably integrated in the nucleus 15 and methods disclosed may also find use in oilseed crops . 
of oleaginous plastidic cells , we produced strains that Methods for introducing these genes into such crops such as 
exceeded wildtype ChFATB2 expressing control strains in soybean , corn , rapeseed , safflower , sunflower and others are 
terms of C8 : 0 , 08 : 10 or the sum of C8 : 0 and C10 : 0 known in the art ; see , for example , U . S . Pat . Nos . 6 , 331 , 664 , 
production , including strains that produced oils with fatty 5 , 512 , 482 , 5 , 455 , 167 , 5 , 667 , 997 . Examples of oleochemi 
acid profiles where the C8 and C10 production exceed 9 , 11 , 20 cals include surfactants and solvents made from fatty acids 
14 , or 18 % of the profile . In the latter case , the C8 + C10 ( i . e . , or oils . 
the sum of C8 : 0 and C10 : 0 production in the fatty acid Accordingly , in an embodiment , provided is a non - natural 
profile as determined by FAME - GC with FID detection ) protein , an isolated gene encoding the non - natural protein , 
level was more than doubled relative to the approximately an expression cassette expressing the non - natural protein , or 
8 % C8 + C10 of the wildtype ChFATb2 strain . Specific 25 a host cell comprising the expression cassette , wherein the 
variants with improved C8 + C10 production include those non - natural protein has at least 80 % , 85 % , 90 % , 91 % 92 % , 
with P , K , or A at the 186 position ; Y or F at the 163 position , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % or 99 % identity to SEO ID 
or combinations thereof such as 186P / 163Y , 186P / 163F , NO : 1 and comprises Y or F at the position corresponding to 
186K / 163Y , 186K / 163F , 186A / 163Y or 186A / 163F . Of the position 163 of SEQ ID NO : 1 and / or P , K , or A at the 
double mutants , we found that the H163Y / L186P variant 30 position corresponding to position 186 of SEQ ID NO : 1 , 
produced an oil having particularly high concentrations of and optionally K at the position corresponding to position 
C8 + C10 . Using single or double variants , the C8 : 0 fatty acid 228 of SEQ ID NO : 1 . 
profile percentages can be increased by 50 , 60 , 70 , 80 , 100 % In a related embodiment , there is a method for producing 
or more relative to a control strain expressing wildtype a triglyceride oil . The method includes expressing , in a host 
ChFATB2 ; e . g . to more than 2 , 2 . 5 , 3 , or 3 . 5 % of the fatty 35 cell , the protein of mentioned immediately above , or a 
acid profile vs . 1 . 5 % for the control ( see Example 1 ) . protein comprising at least 80 % , 85 % , 90 % , 91 % , 92 % , 

The double mutants listed above can also be combined 93 % , 94 % , 95 % , 96 % , 97 % , 98 % or 99 % identity one of 
with a third mutation corresponding to 230 of Cuphea SEQ ID NOs : 3 - 8 that has Y or F at the position corre 
palustris FATB1 . For many FATB genes such as Cuphea sponding to position 163 of SEQ ID NO : 1 and / or P , K , or 
hookeriana FATB2 and Cuphea avigera FATB1 , this residue 40 A at the position corresponding to position 186 of SEQ ID 
corresponds to residue 228 . For example , an M228K muta - NO : 1 , and optionally K at the position corresponding to 
tion in Cuphea hookeriana FATB2 expressed in an oleagi - position 228 of SEQ ID NO : 1 . The method further includes 
nous eukaryotic microalga increased the C8 / C10 ratio in the cultivating the host cell and isolating the oil . 
fatty acid profile of the oil from about 0 . 25 to about 1 . 0 . In another embodiment , provided is a method for increas 
Mutations at this position to Iso , Val , Phe , and Leu , Ala , or 45 ing the C8 and / or C10 fatty acids in a fatty acid profile of an 
Thr in combination with the single or double mutants at oil produced by an optionally oleaginous host cell . The 
positions 186 and 163 discussed above , can also be advan - method includes , providing a parent gene encoding a FATB 
tageous . enzyme , mutating the gene to so as to have Y or F at the 

Although Cuphea hookeriana FATB2 was used as a position corresponding to position 163 of SEQ ID NO : 1 
model system , the methods of making the above - discussed 50 and / or P , K , or A at the position corresponding to position 
mutations , methods of expressing these in an oleaginous 186 of SEQ ID NO : 1 , and optionally K at the position 
cell , and methods of producing oil with these variants can be corresponding to position 228 of SEQ ID NO : 1 . The method 
applied to any acyl - ACP thioesterase gene , including those further includes expressing the mutated gene in the host cell 
having at least 80 % , 85 % , 90 % , 91 % , 92 % , 93 % , 94 % , 95 % , and producing the oil . The fatty acid profile of the oil is 
96 % , 97 % , 98 % or 99 % identity to SEQ ID NO : 1 , or the 55 thereby increased in C8 and / or C10 fatty acids relative to the 
fragment of SEQ ID NO : 1 lacking the transit peptide . parent gene . Optionally , the gene encoding the FATB 

Although these variant genes were discovered using a enzyme encodes a protein with at least 80 % , 85 % , 90 % , 
eukaryotic microalgal expression system , the genes are more 91 % 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % or 99 % 
generally useful in ways that are known in the art , including identity to SEQ ID NO : 1 , 13 or 14 . 
their expression in higher plants to produced altered triglyc - 60 As detailed in Example 3 , compared to prior art work in 
eride oils . When incorporated into an oleaginous cell ( e . g . , E . Coli , the discovery of the advantage of using Ala , or Thr 
of an oilseed plant , algae ( e . g . , microalgae ) ) the variant at position 230 of Coal FATB1 ( SEQ ID NO : 13 ) of in terms 
thioesterases can alter the fatty acid profiles of the cell to of C8 + C10 production and / or increased C8 / C10 ratio , is new 
produce novel or more economical high - value commercial and unexpected . These novel mutations are useful alone , in 
products . 65 combination with a mutation at position 163 including the 

The single , double or triple mutants can be used to C8 - favoring mutations disclosed herein , in combination 
produce an oil with a high ratio of C8 : 0 to C10 : 0 fatty acids . with a mutation at position 186 including the C8 - favoring 
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mutations disclosed herein , or in combination with a double are used in the vectors described herein , e . g . , to target 
mutation at positions 163 and 186 including the C8 - favoring expression of a protein to a Prototheca plastid . 
mutations disclosed herein . Accordingly , in an embodiment , The Examples below describe the use of algal plastid 
there is a non - natural protein , an isolated gene encoding the targeting sequences to target heterologous proteins to the 
non - natural protein , an expression cassette expressing the 5 correct compartment in the host cell . cDNA libraries were 
non - natural protein , or a host cell comprising the expression made using Prototheca moriformis and Chlorella prototh 
cassette , wherein the non - natural protein has at least 80 % , ecodies cells and are described in the Examples of U . S . 
85 % , 90 % , 91 % , 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % or Patent Publ . No . 2012 / 0283460 and in PCT Application No . 
99 % identity to SEQ ID NO : 13 and A or K at the position PCT / US2009 / 066142 . Amino acid sequences of the algal 
corresponding to position 230 of SEO ID NO : 13 . A method 10 plastid targeting sequences identified from the cDNA librar 
for producingan oil includes expressing , in a host cell , the ies useful plastid targeting of recombinantly expressed vari 
non - natural proteins described herein , cultivating the cell , ant acyl - ACP thioesterases are provided in U . S . Patent Publ . 
and isolating the oil . No . 2012 / 0283460 and herein . In varying embodiments , the 

Variant Acyl - ACP Thioesterases plastid transit peptide comprises an amino acid sequence 
The variant TEs can be used in genetic constructs and selected from the group consisting of 

genetically engineered oleaginous cells ( e . g . , plants , algae , 
microalgae ) with one or more exogenous genes to produce 

MATASTFSAFNARCGDLRRSAGSGPRRPARPLPVRGRA , fatty acids , acylglycerides , or derivatives thereof . For 
example , microalgae or oilseed crops that would naturally , 20 SGPRRPARPLPVR , SGPRRPARPLPVRAAIASEVPVATTSPR , 
or through genetic modification , produce high levels of 

RPARPLPVRGRA , RPARPLPVRAAIASEVPVATTSPR , lipids can be engineered ( or further engineered ) to express 
an exogenous variant fatty acyl - ACP thioesterase , which can RCGDLRRSAGSGPRRPARPLPVRGRA , 
facilitate the cleavage of fatty acids from acyl carrier protein 
( ACP ) during fatty acid synthesis . The fatty acids synthe - 25 RCGDLRRSAGSGPRRPARPLPVRAAIASEVPVATTSPR , 
sized may be incorporated into acyl glycerides including PARPLPVR , PARPLPVRAAIASEVPVATTSPR , triacylglycerides ( TAGs , triglycerides ) . The TAGs can be 
recovered or , through further enzymatic processing within RRPARPLPVR , 
the cell , or in vitro , yield other useful compounds . 

In an embodiment , the variant fatty acyl - ACP thio - 30 RRPARPLPVRAAIASEVPVATTSPR . esterases are designed based on the desired specificity for a 
growing ( during fatty acid synthesis ) fatty acyl group having Where novel FATB variants are disclosed here , it will be 
a particular carbon chain length . A specificity domain is understood that a variety of heterologous plastid transit 
selected based on its preference for a particular fatty acyl peptides can be used . In other words , the non - targeting 
ACP substrate and / or for its ability to influence , increase 35 peptide domain is more highly conserved . Accordingly , 
and / or promote the production of fatty acids of a desired embodiments described herein feature the novel FATB enzy 
carbon chain length . Generally , the variant fatty acyl - ACP matic domain with or without a plastid targeting sequence . 
thioesterases have preferential substrate specificity for mid - For example , where a percent identity to a novel FATB gene 
chain ACP - fatty acyl substrates ( e . g . , to liberate C8 , C10 , is given herein , the same identity can be applied ( where 
C12 , and / or C14 fatty acids ) . In varying embodiments , the 40 specified ) to the same sequence absent the targeting peptide . 
specificity domain in the N - terminus of the acyl - ACP thio - A substitute targeting peptide can optionally be used in 
esterase is heterologous ( e . g . , due to point mutations and / or connection with such a sequence . 
domain swapping ) to the C - terminal catalytic domain . In H ost Cells — Oil - or Lipid - Producing Microorganisms 
certain embodiments , the fatty acid chain length substrate Any species of organism that produces suitable lipid 
specificity and / or preference of the specificity domain and 45 and / or hydrocarbon can be used , although microorganisms 
the catalytic domain is the same or within 1 - 2 carbons . For that naturally produce high levels of suitable lipid and / or 
example , in varying embodiments , the variant acyl - acyl hydrocarbon are preferred . Production of hydrocarbons by 
carrier protein ( ACP ) thioesterase ( TE ) comprises : microorganisms is reviewed by Metzger et al . Appl Micro 
Codon - Optimization for Expression biol Biotechnol ( 2005 ) 66 : 486 - 496 and A Look Back at the 
DNA encoding a polypeptide to be expressed in a micro - 50 U . S . Department of Energy ' s Aquatic Species Program : 

organism , e . g . , a variant acyl - ACP thioesterase and select - Biodiesel from Algae , NREUTP - 580 - 24190 , John Sheehan , 
able marker can be codon - optimized cDNA . Methods of Terri Dunahay , John Benemann and Paul Roessler ( 1998 ) . 
recoding genes for expression in microalgae are described in Considerations for the selection of microorganisms 
U . S . Pat . No . 7 , 135 , 290 . Additional information for codon include , in addition to production of suitable lipids or 
optimization is available , e . g . , at the Codon Usage Database 55 hydrocarbons for production of oils , fuels , and oleochemi 
at kazusa . or . jp / codon / . The table for Prototheca preferred cals : ( 1 ) high lipid content as a percentage of cell weight ; ( 2 ) 
codon usage is also provided in U . S . Patent Publ . No . ease of growth ; ( 3 ) ease of genetic engineering ; and ( 4 ) ease 
2012 / 0283460 , Table 1 of which is hereby incorporated of biomass processing . In particular embodiments , the wild 
herein by reference . type or genetically engineered microorganism yields cells 

Expression and Targeting to Plastids 60 that are at least 40 % , at least 45 % , at least 50 % , at least 55 % , 
Proteins expressed in the nuclear genome of Prototheca at least 60 % , at least 65 % , or at least 70 % or more lipid . 

can be targeted to the plastid using plastid targeting signals . Preferred organisms grow heterotrophically ( on sugars in the 
Plastid targeting sequences endogenous to Chlorella are absence of light ) or can be engineered to do so using , for 
known , such as genes in the Chlorella nuclear genome that example , methods disclosed herein . The ease of transforma 
encode proteins that are targeted to the plastid ; see for 65 tion and availability of selectable markers and promoters , 
example GenBank Accession numbers AY646197 and constitutive or inducible , that are functional in the microor 
AF499684 , and in one embodiment , such control sequences ganism affect the ease of genetic engineering . Processing 
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considerations can include , for example , the availability of latoria sp . , Oscillatoria subbrevis , ParaChlorella kessleri , 
effective means for lysing the cells . Pascheria acidophila , Pavlova sp . , Phagus , Phormidium , 

A . Algae Platymonas sp . , Pleurochrysis carterae , Pleurochrysis den 
In one embodiment , the microorganism is a microalgae . tate , Pleurochrysis sp . , Prototheca wickerhamii , Prototheca 

Nonlimiting examples of microalgae that can be used for 5 stagnora , Prototheca portoricensis , Prototheca moriformis , 
expression of variant acyl - ACP thioestesterases include , Prototheca zopfii , PseudoChlorella aquatica , Pyramimonas 
e . g . , Achnanthes orientalis , Agmenellum , Amphiprora hya - sp . , Pyrobotrys , Rhodococcus opacus , Sarcinoid chryso 
line , Amphora coffeiformis , Amphora coffeiformis linea , phyte , Scenedesmus armatus , Schizochytrium , Spirogyra , 
Amphora coffeiformis punctata , Amphora coffeiformis tay - Spirulina platensis , Stichococcus sp . , Synechococcus sp . , 
lori , Amphora coffeiformis tenuis , Amphora delicatissima , 10 Tetraedron , Tetraselmis sp . , Tetraselmis suecica , Thalassio 
Amphora delicatissima capitata , Amphora sp . , Anabaena , sira weissflogii , and Viridiella fridericiana 
Ankistrodesmus , Ankistrodesmus falcatus , Boekelovia Illustrative host cells feature oleaginous cells that produce 
hooglandii , Borodinella sp . , Botryococcus braunii , Botryo altered fatty acid profiles and / or altered regiospecific distri 
coccus sudeticus , Bracteococcus minor , Bracteococcus bution of fatty acids in glycerolipids , and products produced 
medionucleatus , Carteria , Chaetoceros gracilis , Chaeto - 15 from the cells . Examples of oleaginous cells include micro 
ceros muelleri , Chaetoceros muelleri subsalsum , Chaeto bial cells having a type II lipid biosynthesis pathway , 
ceros sp . , Chlorella anitrata , Chlorella Antarctica , Chlorella including plastidic oleaginous cells such as those of oleagi 
aureoviridis , Chlorella candida , Chlorella capsulate , Chlo - nous algae . Specific examples of cells include heterotrophic 
rella desiccate , Chlorella ellipsoidea , Chlorella emersonii , or obligate eukaryotic heterotophic microalgae of the phy 
Chlorella fusca , Chlorella fusca var . vacuolata , Chlorella 20 lum Chlorpophya , the class Trebouxiophytae , the order 
glucotropha , Chlorella infusionum , Chlorella infusionum Chlorellales , or the family Chlorellacae . Examples of ole 
var . actophila , Chlorella infusionum var . auxenophila , Chlo aginous microalgae are provided in Published PCT Patent 
rella kessleri , Chlorella lobophora ( strain SAG 37 . 88 ) , Applications WO2008 / 151149 , WO2010 / 06032 , WO2011 / 
Chlorella luteoviridis , Chlorella luteoviridis var . aureo 150410 , and WO2011 / 150411 , including species of Chlo 
viridis , Chlorella luteoviridis var . lutescens , Chlorella mini - 25 rella and Prototheca , a genus comprising obligate hetero 
ata , Chlorella minutissima , Chlorella mutabilis , Chlorella trophs . The oleaginous cells can be , for example , capable of 
nocturna , Chlorella ovalis , Chlorella parva , Chlorella pho producing 25 % , 30 % , 40 % , 50 % , 60 % , 70 % , 80 % , 85 % , or 
tophila , Chlorella pringsheimii , Chlorella protothecoides about 90 % oil by cell weight , + 5 % . The above mentioned 
( including any of UTEX strains 1806 , 411 , 264 , 256 , 255 , publications also disclose methods for cultivating such cells 
250 , 249 , 31 , 29 , 25 ) , Chlorella protothecoides var . acidi - 30 and extracting oil , especially from microalgal cells ; such 
cola , Chlorella regularis , Chlorella regularis var . minima , methods are applicable to the cells disclosed herein . In any 
Chlorella regularis var . umbricata , Chlorella reisiglii , Chlo - of the embodiments described herein , the cells can be 
rella saccharophila , Chlorella saccharophila var . ellipsoi heterotrophic cells comprising an exogenous invertase gene 
dea , Chlorella salina , Chlorella simplex , Chlorella sorokini so as to allow the cells to produce oil from a sucrose 
ana , Chlorella sp . , Chlorella sphaerica , Chlorella 35 feedstock . 
stigmatophora , Chlorella vanniellii , Chlorella vulgaris , Illustrative embodiments of host cells include recombi 
Chlorella vulgaris f . tertia , Chlorella vulgaris var . auto nant oleaginous cells expressing one or more exogenous 
trophica , Chlorella vulgaris var . viridis , Chlorella vulgaris genes encoding fatty acid biosynthesis enzymes . As a result , 
var . vulgaris , Chlorella vulgaris var . vulgaris f . tertia , Chlo some embodiments feature cell oils never before obtainable 
rella vulgaris var . vulgaris f . viridis , Chlorella xanthella , 40 in a cell oil . In some cases , the cell oils were not obtainable 
Chlorella zofingiensis , Chlorella trebouxioides , Chlorella from a non - plant or non - seed oil , or not obtainable at all . 
vulgaris , Chlorococcum infusionum , Chlorococcum sp . , The oleaginous cells produce a storage oil , which may be 
Chlorogonium , Chroomonas sp . , Chrysosphaera sp . , Cri stored in storage vesicles of the cell . A raw cell oil may be 
cosphaera sp . , Crypthecodinium cohnii , Cryptomonas sp . , obtained from the cells by disrupting the cells and isolating 
Cyclotella cryptica , Cyclotella meneghiniana , Cyclotella 45 the oil . The oils produced may be refined , bleached and 
sp . , Dunaliella sp . , Dunaliella bardawil , Dunaliella biocu - deodorized ( RBD ) as known in the art or as described in 
lata , Dunaliella granulate , Dunaliella maritime , Dunaliella WO2010 / 120939 . The raw or RBD oils may be used in a 
minuta , Dunaliella parva , Dunaliella peircei , Dunaliella variety of food , chemical , and industrial products or pro 
primolecta , Dunaliella salina , Dunaliella terricola , cesses . After recovery of the oil , a valuable residual biomass 
Dunaliella tertiolecta , Dunaliella viridis , Dunaliella tertio - 50 remains . Uses for the residual biomass include the produc 
lecta , Eremosphaera viridis , Eremosphaera sp . , Ellipsoidon tion of paper , plastics , absorbents , adsorbents , as animal 
sp . , Euglena , Franceia sp . , Fragilaria crotonensis , Fragi - feed , for human nutrition , or for fertilizer . 
laria sp . , Gleocapsa sp . , Gloeothamnion sp . , Hymenomonas Where a fatty acid profile of a triglyceride cell oil is given , 
sp . , Isochrysis aff : galbana , Isochrysis galbana , Lepocinclis , it will be understood that this refers to a nonfractionated 
Micractinium , Micractinium ( UTEX LB 2614 ) , 55 sample of the storage oil extracted from the cell analyzed 
Monoraphidium minutum , Monoraphidium sp . , Nannochlo - under conditions in which phospholipids have been removed 
ris sp . , Nannochloropsis salina , Nannochloropsis sp . , Nav - or with an analysis method that is substantially insensitive to 
icula acceptata , Navicula biskanterae , Navicula the fatty acids of the phospholipids ( e . g . using chromatog 
pseudotenelloides , Navicula pelliculosa , Navicula sapro - raphy and mass spectrometry ) . Because the cells are oleagi 
phila , Navicula sp . , Nephrochloris sp . , Nephroselmis sp . , 60 nous , in some cases the storage oil will constitute the bulk 
Nitschia communis , Nitzschia alexandrina , Nitzschia com - of all the TAGs in the cell . 
munis , Nitzschia dissipata , Nitzschia frustulum , Nitzschia In varying embodiments , the host cell is a plastidic cell , 
hantzschiana , Nitzschia inconspicua , Nitzschia intermedia , e . g . , a heterotrophic microalgae of the phylum Chlorpophya , 
Nitzschia microcephala , Nitzschia pusilla , Nitzschia pusilla the class Trebouxiophytae , the order Chlorellales , or the 
elliptica , Nitzschia pusilla monoensis , Nitzschia quadran - 65 family Chlorellacae . In varying embodiments , the cell is 
gular , Nitzschia sp . , Ochromonas sp . , Oocystis parva , oleaginous and capable of accumulating at least 40 % oil by 
Oocystis pusilla , Oocystis sp . , Oscillatoria limnetica , Oscil dry cell weight . The cell can be an obligate heterotroph , such 
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as a species of Prototheca , including Prototheca moriformis closed herein . Recombinant cells containing exogenous 
or Prototheca zopfii . The nucleic acid encoding the variant genes integrated into nuclear chromosomes are also con 
acyl - ACP TEs described herein can also be expressed in templated . 
autotrophic algae or plants . Optionally , the cell is capable of Microalgal oil can also include other constituents pro 
using sucrose to produce oil and a recombinant invertase 5 duced by the microalgae , or incorporated into the microalgal 
gene may be introduced to allow metabolism of sucrose , as oil from the culture medium . These other constituents can be 
described in PCT Publications WO2008 / 151149 , WO2010 / present in varying amount depending on the culture condi 
06032 , WO2011 / 150410 , WO2011 / 150411 , and interna tions used to culture the microalgae , the species of microal 

tional patent application PCT / US12 / 23696 . The invertase gae , the extraction method used to recover microalgal oil 
may be codon optimized and integrated into a chromosome 10 from the biomass and other factors that may affect microal 

gal oil composition . Non - limiting examples of such con of the cell , as may all of the genes mentioned here . Codon stituents include carotenoids , present from 0 . 1 - 0 . 4 micro usage for different algal and plant species of interest is grams / ml , chlorophyll present from 0 - 0 . 02 milligrams / 
known in the art and can be found , e . g . , on the internet at the kilogram of oil , gamma tocopherol present from 0 . 4 - 0 . 6 
Codon Usage Database at kazusa . or . jp / codon / . 15 milligrams / 100 grams of oil , and total tocotrienols present 

The polynucleotides encoding the variant acyl - ACP TES from 0 . 2 - 0 . 5 milligrams / gram of oil . 
described herein further can be expressed in a wide variety The other constituents can include , without limitation , 
of plant host cells . Of particular interest are plant cells of phospholipids , tocopherols , tocotrienols , carotenoids ( e . g . , 
plants involved in the production of vegetable oils for edible alpha - carotene , beta - carotene , lycopene , etc . ) , xanthophylls 
and industrial uses , including e . g . , temperate oilseed crops . 20 ( e . g . , lutein , zeaxanthin , alpha - cryptoxanthin and beta 
Plants of interest include , but are not limited to , grapeseed crytoxanthin ) , and various organic or inorganic compounds . 
( Canola and High Erucic Acid varieties ) , sunflower , saf In some cases , the oil extracted from Prototheca species 
flower , cotton , Cuphea , soybean , peanut , coconut and oil comprises no more than 0 . 02 mg / kg chlorophyll . In some 
palms , and corn . See , U . S . Pat . Nos . 5 , 850 , 022 ; 5 , 723 , 761 ; cases , the oil extracted from Prototheca species comprises 
5 , 639 , 790 ; 5 , 807 , 893 ; 5 , 455 , 167 ; 5 , 654 , 495 ; 5 , 512 , 482 ; 25 no more than 0 . 4 mcg / ml total carotenoids . In some cases the 
5 , 298 , 421 ; 5 , 667 , 997 ; and U . S . Pat . Nos . 5 , 344 , 771 ; 5 , 304 , Prototheca oil comprises between 0 . 40 - 0 . 60 milligrams of 
481 . gamma tocopherol per 100 grams of oil . In other cases , the 

Oils with Non - Naturally Occurring Fatty Acid Profiles Prototheca oil comprises between 0 . 2 - 0 . 5 milligrams of 
Oils disclosed herein are distinct from other naturally total tocotrienols per gram of oil . 

occurring oils that are high in mid - chain fatty acids , such as 30 Oils produced from host cells expressing a variant acyl 
palm oil , palm kernel oil , and coconut oil . For example , ACP thioesterase will have an isotopic profile that distin 
levels of contaminants such as carotenoids are far higher in guishes it , e . g . , from blended oils from other sources . The 
palm oil and palm kernel oil than in the oils described herein . stable carbon isotope value d13C is an expression of the 
Palm and palm kernel oils in particular contain alpha and ratio of 13C / 12C relative to a standard ( e . g . PDB , carbonite 
beta carotenes and lycopene in much higher amounts than is 35 of fossil skeleton of Belemnite americana from Peedee 
in the oils described herein . In addition , over 20 different formation of South Carolina ) . The stable carbon isotope 
carotenoids are found in palm and palm kernel oil , whereas value 813C ( 0 / 00 ) of the oils can be related to the 813C 
the Examples demonstrate that the oils described herein value of the feedstock used . In some embodiments the oils 
contain very few carotenoids species and very low levels . In are derived from oleaginous organisms heterotrophically 
addition , the levels of vitamin E compounds such as tocot - 40 grown on sugar derived from a C4 plant such as corn or 
rienols are far higher in palm , palm kernel , and coconut oil sugarcane . In some embodiments , the 813C ( 0 / 00 ) of the oil 
than in the oils described herein . is from 10 to - 17 0 / 00 or from 13 to - 16 0 / 00 . 

Generally , Prototheca strains have very little or no fatty I n varying embodiments , a host cell expressing a variant 
acids with the chain length C8 - C14 . For example , Prototh - acyl - ACP thioesterase comprising all or specificity - deter 
eca strains Prototheca moriformis ( UTEX 1435 ) , Prototh - 45 mining residues of a specificity domain from a C10 - prefer 
eca krugani ( UTEX 329 ) , Prototheca stagnora ( UTEX ring acyl - ACP thioesterase ( e . g . , an acyl - ACP thioesterase 
1442 ) and Prototheca zopfii ( UTEX 1438 ) produce no ( or from Cuphea hookeriana ) , and a catalytic domain from a 
undetectable amounts ) C8 fatty acids , between 0 - 0 . 01 % C10 C12 - preferring acyl - ACP thioesterase ( e . g . , an acyl - ACP 
fatty acids , between 0 . 03 - 2 . 1 % C12 fatty acids and between thioesterase from Cuphea wrightii or Umbellularia califor 
1 . 0 - 1 . 7 % C14 fatty acids . 50 nica ) produces an oil comprising at least about 10 % C12 : 0 

In some cases , the oleaginous cells ( e . g , Prototheca fatty acids , and at least about 10 % C14 : 0 fatty acids . 
strains ) containing a transgene encoding a variant fatty In varying embodiments , a host cell expressing a variant 
acyl - ACP thioesterase has a fatty acid profile characterized acyl - ACP thioesterase comprising all or specificity - deter 
by 5 - 10 % , 10 - 20 % , 20 - 30 % , 30 - 40 % , 40 - 50 % , 50 - 60 % , mining residues of a modified specificity domain of a first 
60 - 70 % , 70 - 80 % , 80 - 90 % , or 90 - 99 % C8 , C10 , C12 , or C14 55 acyl - ACP thioesterase having one or both His 163 - > Tyr or 
fatty acids . In other cases , the Prototheca strains containing Leu186 - > Pro substitutions ( or at positions corresponding to 
a transgene encoding a fatty acyl - ACP thioesterase that has His163Tyr or Leu186 - > Pro of SEQ ID NO : 61 ) , and a 
activity towards fatty acyl - ACP substrates of chain length catalytic domain of a second acyl - ACP thioesterase pro 
C12 and C14 and produces fatty acids of the chain length duces an oil comprising at least about 5 % , e . g . , at least about 
C12 and the chain length C14 at a ratio of 1 : 1 + / - 20 % . 60 6 % , 7 % , 8 % , 9 % , 10 % , 12 % , 15 % , or more , C8 : 0 fatty acids 

In some instances , keeping the transgenic Prototheca or at least about 5 % , e . g . , at least about 6 % , 7 % , 8 % , 9 % , 
strains under constant and high selective pressure to retain 10 % , 12 % , 15 % , or more , C10 : 0 fatty acids or a C8 : 0 / C10 : 0 
exogenous genes is advantageous due to the increase in the ratio that is at least about 5 % , e . g . , at least about 6 % , 7 % , 
desired fatty acid of a specific chain length . High levels of 8 % , 9 % , 10 % , 12 % , 15 % , or more . As appropriate , the 
exogenous gene retention can also be achieved by inserting 65 specificity domain can be derived from a C8 : 0 - , C10 : 0 - or a 
exogenous genes into the nuclear chromosomes of the cells C12 : 0 - preferring acyl - ACP thioesterase and independently 
using homologous recombination vectors and methods dis - the catalytic domain can be derived from a C8 : 0 - , C10 : 0 - or 
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a C12 : 0 - preferring acyl - ACP thioesterase . The specificity oleaginous cell ( and especially into a plastidic microbial 
domain and the catalytic domain can be from the same or cell ) an exogenous mid - chain - specific thioesterase and an 
different acyl - ACP thioesterases . In varying embodiments , a exogenous LPAAT that catalyzes the transfer of a mid - chain 
host cell expressing a variant acyl - ACP thioesterase com - fatty - acyl group to the sn - 2 position of a substituted acyl 
prising all or specificity - determining residues of a modified 5 glyceroester , the cell can be made to increase the percent of 
specificity domain from a C10 - preferring acyl - ACP thio a particular mid - chain fatty acid in the triacylglycerides 
esterase ( e . g . , an acyl - ACP thioesterase from Cuphea hook ( TAGS ) that it produces by 10 , 20 30 , 40 , 50 , 60 , 70 , 80 , 
eriana having one or both His163 - Tyr or Leu186 - > Pro 90 - fold , or more . Introduction of the exogenous LPAAT can substitutions ) , and a catalytic domain from a C10 - preferring increase mid - chain fatty acids at the sn - 2 position by 1 , 2 , 3 , acyl - ACP thioesterase ( e . g . , an acyl - ACP thioesterase from 10 
Cuphea hookeriana ) produces an oil comprising at least 4 fold or more compared to introducing an exogenous 

mid - chain preferring acyl - ACP thioesterase alone . In an about 5 % , e . g . , at least about 6 % , 7 % , 8 % , 9 % , 10 % , 12 % , embodiment , the mid - chain fatty acid is greater than 30 , 40 , 15 % , or more , C8 : 0 fatty acids or at least about 5 % , e . g . , at 50 60 , 70 , 80 , or 90 % of the TAG fatty acids produced by least about 6 % , 7 % , 8 % , 9 % , 10 % , 12 % , 15 % , or more , 
C10 : 0 fatty acids or a C8 : 0 / C10 : 0 ratio that is at least about 15 out 15 the cell . In various embodiments , the mid - chain fatty acid is 
5 % , e . g . , at least about 6 % , 7 % , 8 % , 9 % , 10 % , 12 % , 15 % , capric , caprylic , lauric , myristic , and / or palmitic . 
or more . In varying embodiments , the gene encoding an lysophos 

In varying embodiments , a host cell expressing a variant phatidic acid acyltransferase ( LPAAT ) is selected from the 
acyl - ACP thioesterase comprising all or specificity - deter - group consisting of Arabidopsis thaliana l - acyl - sn - glyc 
mining residues of a specificity domain from a C14 - prefer - 20 erol - 3 - phosphate acyltransferase ( GenBank Accession No . 
ring acyl - ACP thioesterase ( e . g . , an acyl - ACP thioesterase AEE85783 ) , Brassica juncea l - acyl - sn - glycerol - 3 - phos 
from Cinnamomum camphorum ) , and a catalytic domain phate acyltransferase ( GenBank Accession No . ABQ42862 ) , 
from a C12 - preferring acyl - ACP thioesterase ( e . g . , an acyl - Brassica juncea 1 - acyl - sn - glycerol - 3 - phosphate acyltrans 
ACP thioesterase from Cuphea wrightii or Umbellularia ferase ( GenBank Accession No . ABM92334 ) , Brassica 
californica ) produces an oil comprising C12 : 0 fatty acids 25 napus 1 - acyl - sn - glycerol - 3 - phosphate acyltransferase ( Gen 
and C14 : 0 fatty acid at an approximate 1 : 1 ratio ; e . g , a ratio Bank Accession No . CAB09138 ) , Chlamydomonas rein 
of 1 : 1 + / - 20 % . hardtii lysophosphatidic acid acyltransferase ( GenBank 

Further , host cells expressing a variant acyl - ACP thio Accession No . EDPO2300 ) , Cocos nucifera lysophospha esterase comprising 5 or more amino acid residues extend tidic acid acyltransferase ( GenBank Acc . No . AAC49119 ) , ing from the C - terminus of a linker domain positioned 30 Limnanthes alba lysophosphatidic acid acyltransferase N - terminal to the hydrophobic domain , produce an oil ( GenBank Accession No . EDP02300 ) , Limnanthes douglasii comprising relatively elevated mid - chain length fatty acids 1 - acyl - sn - glycerol - 3 - phosphate acyltransferase ( putative ) ( e . g . , C8 : 0 , C10 : 0 , C12 : 0 , C14 : 0 ) in comparison to host cells ( GenBank Accession No . CAA88620 ) , Limnanthes doug expressing the same acyl - ACP thioesterase without a linker 
domain . In varying embodiments , host cells expressing a 35 lasii acyl - CoA : sn - 1 - acylglycerol - 3 - phosphate acyltrans 
variant acyl - ACP thioesterase comprising 5 or more amino ferase ( GenBank Accession No . ABD62751 ) , Limnanthes 
acid residues extending from the C - terminus of a linker douglasit T - acylglycerol - 3 - phosphate O - acyltransferase 
domain positioned N - terminal to the hydrophobic domain . ( GenBank Accession No . CAA58239 ) , Ricinus communis 
produce an oil comprising mid - chain length fatty acids 1 - acyl - sn - glycerol - 3 - phosphate acyltransferase ( GenBank 
increased by at least 1 - fold , 2 - fold , 3 - fold , or more , in 40 Accession No . EEF39377 ) . 
comparison to host cells expressing the same acyl - ACP Alternately , or in addition to expression of an exogenous 
thioesterase without a linker domain . LPAAT , the cell may comprise recombinant nucleic acids 

In a specific embodiment , a recombinant cell comprises that are operable to express an exogenous KASI or KASIV 
nucleic acids operable to express a product of an exogenous enzyme and optionally to decrease or eliminate the activity 
gene encoding a variant acyl - ACP thioesterase exogenous 45 of a KASII , which is particularly advantageous when a 
gene encoding an active acyl - ACP thioesterase that cata - mid - chain - preferring acyl - ACP thioesterase is expressed . 
lyzes the cleavage of mid - chain fatty acids from ACP . As a Engineering of Prototheca cells to overexpress KASI and / or 
result , in one embodiment , the oil produced can be charac - KASIV enzymes in conjunction with a mid - chain preferring 
terized by a fatty acid profile elevated in C8 , C10 , C12 , acyl - ACP thioesterase can generate strains in which produc 
and / or C14 fatty acids and reduced in C16 , C18 , and C18 : 1 50 tion of C10 - C12 fatty acids is at least about 40 % of total 
fatty acids as a result of expression of the recombinant fatty acids , e . g . , at least about 45 % , 50 % , 55 % , 60 % or 
nucleic acids . In varying embodiments , the increase in C8 , more , of total fatty acids . Mid - chain production can also be 
C10 , C12 , and / or C14 fatty acids is greater than 1 % , 2 % , increased by suppressing the activity of KASI and / or KASII 
3 % , 4 % , 5 % , 6 % , 7 % , 8 % , 9 % , 10 % , 20 % , 30 % , 40 % , 50 % , ( e . g . , using a knockout or knockdown ) . Chromosomal 
60 % , 70 % , from 75 - 85 % , from 70 - 90 % , from 90 - 200 % , 55 knockout of different alleles of Prototheca moriformis 
from 200 - 300 % , from 300 - 400 % , from 400 - 500 % , or ( UTEX 1435 ) KASI in conjunction with overexpression of 
greater than 500 % . a mid - chain preferring acyl - ACP thioesterase can achieve 

In some embodiments , an additional genetic modification fatty acid profiles that are at least about 60 % C10 - C14 fatty 
to increase the level of mid - chain fatty acids in the cell or oil acids , e . g . , at least about 65 % , 70 % , 75 % , 80 % , 85 % or 
of the cell includes the expression of an exogenous lyso - 60 more C10 - C14 fatty acids . Elevated mid - chain fatty acids 
phosphatidic acid acyltransferase gene encoding an active can also be achieved as a result of expression of KASI RNA 
lysophosphatidic acid acyltransferase ( LPAAT ) that cata - hairpin polynucleotides . In addition to any of these modi 
lyzes the transfer of a mid - chain fatty - acyl group to the sn - 2 fications , unsaturated or polyunsaturated fatty acid produc 
position of a substituted acylglyceroester . In a specific tion can be suppressed ( e . g . , by knockout or knockdown ) of 
related embodiment , both an exogenous acyl - ACP thio - 65 a SAD or FAD enzyme . 
esterase and LPAAT are stably expressed in the cell . As a In an embodiment , one of the above described high 
result of introducing recombinant nucleic acids into an mid - chain producing cells is further engineered to produce 
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a low polyunsaturated oil by knocking out or knocking down As disclosed in PCT / US2014 / 013676 we discovered that 
one or more fatty acyl desaturases . Accordingly , the oil grafting the Cuphea avigera FATB1 ( Ca FATB1 ) N - terminal 
produced has high stability . specificity domain ( FIG . 2B ) onto the Cuphea hookeriana 

The high mid - chain oils or fatty acids derived from FATB2 ( FIG . 2A ) improves activity and C8 - C10 ratio . 
hydrolysis of these oils may be particularly useful in food , 5 food 5 Prototheca moriformis transfomants expressing Ch FATB2 

H163Y , L186P ( D3130 ) mutants exhibited about 2 fold fuel and oleochemical applications including the production increase in the average C8 - C10 sum as well as a shift in fatty of lubricants and surfactants . For example , fatty acids acid profile specificity relative to the wild - type Ch FATB2 
derived from the cells can be esterified , cracked , reduced to ( D3042 ) . 
an aldehyde or alcohol , aminated , sulfated , sulfonated , or The His at position 163 within the Ch FATB2 ( FIG . 2A ) 
subjected to other chemical process known in the art . is highly conserved across FATB thioesterases . In contrast , 

The invention , having been described in detail above , is the Leu at position 186 within the Ch FATB is rare . In other 
exemplified in the following examples , which are offered to FATB ' s , position 186 is typically occupied by a Pro or Leu . 
illustrate , but not to limit , the claimed invention . Due to these observations and also the increased activity and 

shift in fatty acid profile specificity of Prototheca morifor 
EXAMPLES mis strains expressing the Ch FATB2 H163Y , L186P mutant 

( D3130 ) , we identified H163 and L186 as “ hot spots " for 
The following examples are offered to illustrate , but not mutagenesis and performed exhaustive mutagenesis at both 

to limit the claimed invention . H163 and L186 to explore the effect of amino acid combi 
nations on activity of the Ch FATB2 when expressed within 

Example 1 : Mutagenesis of Cuphea hookeriana the Prototheca moriformis model system . Details of the 
FATB2 cloning system are given in PCT / US2014 / 013676 . 

Thirty - eight individual Ch FATB2 variants were gener 
We modified the activity and specificity of a FATB2 ated and their effect on C8 : 0 and C10 : 0 fatty acid accumu 

thioesterase originally isolated from Cuphea hookeriana oslation was quantified . Transformants with C8 - C10 sum 
( Ch FATB2 , accession U39834 ) , using site directed muta within 3 standard deviations above the wild - type Ch FATB2 
genesis of H163 and L186 within the enzymatic core ( H163 control ( D3598 ) were classified as positive and those within 
and L186 within Ch FATB2 . ) . 3 standard deviations below were scored as negative . See 

For the above examples , an expression construct was used Table 1 . The remaining transformants were classified as 
that targeted the FATB variants and selection markers to the 2 neutral . As shown in Table 1 , Prototheca moriformis trans 
Thi4 ( thiamine biosynthesis ) locus . An antibiotic resistance formed with six of the Ch FATB2 mutants ( D3570 , D3573 , 
gene was used to select for resistance to G418 antibiotic . The D3582 , D3584 , D3588 , and D3599 ) accumulated C8 : 0 
UAPA promoter was used to drive FATB . The construct is C10 : 0 fatty acids within 3 standard above transformants 
exemplified in SEQ ID NO : 9 . expressing the wild type Ch FATB2 ( D3598 ) control . 

TABLE 1 
Analysis of FATB varaiants for C8 - C14 fatty acid productionin P . moriformis . * 

Ch FABT2 variant 08 : 0 C10 : 0 C12 : 0 C14 : 0 C8 - C10sum 
D3565 - 186V 

D3566 - 186Y 

6 . 86 
0 . 76 
7 . 17 
1 . 11 
3 . 98 
0 . 20 
7 . 00 

D3567 - 186W ( negative ) 
D3568 - 186T 

1 . 82 
0 . 28 
1 . 94 
0 . 45 
0 . 78 
0 . 06 
1 . 78 
0 . 38 
1 . 85 
0 . 32 
2 . 86 
0 . 25 
1 . 46 
0 . 32 

0 . 89 
D3569 - 186S 

D3570 - 186P ( positive ) 

D3571 - 186F 
D3572 - 186M 1 . 48 

D3573 - 186K ( positive ) 

average 
STDEV 
average 
STDEV 
average 
STDEV 
average 
STDEV 
average 
STDEV 
average 
STDEV 
average 
STDEV 
average 
STDEV 
average 
STDEV 
average 
STDEV 
average 
STDEV 
average 
STDEV 
average 
STDEV 
average 
STDEV 
average 
STDEV 
average 
STDEV 

0 . 20 
0 . 02 
0 . 22 
0 . 03 
0 . 16 
0 . 05 
0 . 21 
0 . 02 
0 . 20 
0 . 02 
0 . 25 
0 . 02 
0 . 19 
0 . 02 
0 . 18 
0 . 01 
0 . 23 
0 . 03 
0 . 18 
0 . 01 
0 . 19 
0 . 01 
0 . 18 
0 . 02 
0 . 21 
0 . 03 
0 . 20 
0 . 02 
0 . 16 
0 . 01 
0 . 21 
0 . 02 

7 . 05 
0 . 75 
8 . 68 
0 . 61 
5 . 98 
0 . 78 
6 . 13 
0 . 46 
8 . 74 
1 . 33 
6 . 35 
0 . 55 
7 . 38 
0 . 58 
5 . 83 
0 . 69 
7 . 91 
1 . 29 
7 . 69 
0 . 96 
4 . 77 
0 . 23 
7 . 93 
0 . 79 

1 . 64 
0 . 05 
1 . 72 
0 . 08 
1 . 66 
0 . 02 
1 . 61 
0 . 06 
1 . 61 
0 . 06 
1 . 65 
0 . 05 
1 . 62 
0 . 06 
1 . 59 
0 . 03 
1 . 54 
0 . 05 
1 . 63 
0 . 04 
1 . 60 
0 . 03 
1 . 70 
0 . 07 
1 . 68 
0 . 08 
1 . 61 
0 . 06 
1 . 60 
0 . 03 
1 . 55 
0 . 04 

0 . 23 
2 . 62 
0 . 66 
1 . 56 
0 . 26 
1 . 97 
0 . 29 
1 . 41 
0 . 25 
2 . 14 
0 . 54 
2 . 07 
0 . 46 
0 . 95 
0 . 07 
2 . 25 
0 . 33 

D3574 - 1861 

8 . 68 
1 . 04 
9 . 11 
1 . 56 
4 . 76 
0 . 26 
8 . 78 
1 . 27 
8 . 9 
1 . 07 

11 . 54 
0 . 86 
7 . 44 
1 . 1 
7 . 61 
0 . 69 

11 . 36 
1 . 99 
7 . 91 
0 . 81 
9 . 35 
0 . 87 
7 . 24 
0 . 94 

10 . 05 
1 . 83 
9 . 76 
1 . 42 
5 . 72 
0 . 3 

10 . 18 
1 . 12 

D3575 - 186H 

D3576 - 186G 

D3577 - 186E 

D3578 - 1860 

D3579 - 1860 

D3580 - 186N 
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TABLE 1 - continued 

Analysis of FATB varaiants for C8 - C14 fatty acid productionin P . moriformis . * 

Ch FABT2 variant 08 : 0 010 : 0 C12 : 0 C14 : 0 C8 - C10sum 

D3581 - 186R 1 . 63 
0 . 07 

9 . 95 
2 . 63 

D3582 - 186A ( positive ) 1 . 58 11 . 13 

2 . 72 
D3603 - 186D 

average 
STDEV 
average 
STDEV 
average 
STDEV 
average 
STDEV 
average 
STDEV 

8 . 93 

2 . 21 
0 . 73 
2 . 39 
0 . 78 
1 . 91 
0 . 41 
0 . 00 
0 . 00 
3 . 71 
0 . 92 

0 . 22 
0 . 04 
0 . 23 

0 . 04 
0 . 19 
0 . 02 
0 . 03 
0 . 04 

7 . 74 
1 . 90 
8 . 74 

1 . 94 
7 . 02 
1 . 14 
0 . 12 
0 . 07 

10 . 52 
1 . 75 

0 . 06 
1 . 54 
0 . 05 
1 . 89 

1 . 55 

D3583 - 163V ( negative ) 0 . 12 

0 . 21 

D3584 - 163Y ( positive ) 0 . 30 1 . 61 

0 . 07 
14 . 23 
2 . 67 0 . 04 0 . 04 

D3585 - 163W 1 . 11 4 . 88 0 . 18 1 . 67 5 . 99 

0 . 28 0 . 01 0 . 04 0 . 4 

D3586 - 163T ( negative ) 1 . 78 
0 . 13 
1 . 84 
0 . 14 

0 . 01 
0 . 03 
0 . 01 D3587 - 163P ( negative ) 
0 . 03 

D3588 - 163F ( positive ) 1 . 59 14 . 61 

1 . 31 

0 . 12 
0 . 00 
0 . 00 
0 . 00 
0 . 00 
3 . 79 
0 . 54 
0 . 00 
0 . 00 
1 . 95 
0 . 38 
0 . 06 
0 . 02 
0 . 00 

0 . 03 
1 . 79 D3589 - 163K ( negative ) 

average 

STDEV 
average 
STDEV 
average 
STDEV 
average 
STDEV 
average 
STDEV 
average 
STDEV 
average 
STDEV 
average 
STDEV 

average 
STDEV 

0 . 01 

0 . 07 

0 . 01 0 . 01 
0 . 03 0 . 02 
0 . 01 0 . 01 
0 . 03 0 . 03 

10 . 82 0 . 31 

0 . 77 0 . 01 
0 . 01 0 . 06 
0 . 02 0 . 01 

7 . 490 . 20 
1 . 15 0 . 03 
0 . 70 0 . 07 
0 . 15 0 . 01 
0 . 01 0 . 06 
0 . 02 0 . 01 

0 . 02 0 . 06 
0 . 05 0 . 02 

D3590 - 163L 

0 . 02 
9 . 44 
1 . 53 
0 . 76 

1 . 66 
0 . 08 
1 . 74 
0 . 11 
1 . 81 

D3591 - 1631 ( negative ) 
0 . 17 

D3592 - 163G ( negative ) 0 . 01 
0 . 00 0 . 03 0 . 02 

D3593 - 163E ( negative ) 0 . 02 0 . 00 
0 . 01 

1 . 99 
0 . 20 0 . 06 

D3594 - 163Q ( negative ) average 0 . 06 0 . 69 0 . 07 1 . 74 0 . 75 

STDEV 0 . 05 0 . 36 0 . 06 0 . 41 0 . 01 
0 . 01 D3595 - 163C ( negative ) 0 . 02 1 . 80 average 

STDEV 
0 . 00 
0 . 00 

0 . 02 
0 . 05 0 . 05 0 . 02 0 . 17 

D3596 - 163R ( negative ) average 0 . 00 0 . 01 0 . 01 1 . 92 0 . 01 

STDEV 0 . 00 0 . 04 0 . 02 0 . 36 0 . 04 

0 . 00 0 . 01 1 . 72 O 

0 . 00 0 . 03 0 . 14 O 

O 0 . 02 
0 . 03 O 

0 . 02 0 . 78 

D3597 - 163A ( negative ) average 
STDEV 

D3600 - 163S12 ( negative ) average 
STDEV 

D3601 - 163M ( negative ) average 
STDEV 

D3602 - 163N ( negative ) average 
STDEV 

D3609 - 163D ( negative ) average 
STDEV 

D3598 - wild type Ch FATB2 average 
STDEV 

D3599 - H163Y , average 
L186P ( positive ) STDEV 

0 . 21 

0 . 00 
0 . 00 
0 . 00 
0 . 00 
0 . 02 
0 . 05 
0 . 00 
0 . 00 
0 . 00 
0 . 00 

1 . 52 
0 . 19 
5 . 77 
0 . 63 

1 . 74 
0 . 12 
1 . 75 

0 . 15 
1 . 74 
0 . 07 

0 . 04 
0 . 01 
0 . 02 

0 . 00 
0 . 00 
0 . 76 
0 . 16 
0 . 00 
0 . 00 
0 . 00 
0 . 00 
6 . 55 
0 . 62 

12 . 50 
0 . 99 

0 . 01 1 . 80 

0 . 02 0 . 15 

8 . 07 
0 . 81 

0 . 19 
0 . 02 
0 . 39 
0 . 03 

1 . 60 
0 . 11 
1 . 73 
0 . 05 

18 . 27 

1 . 62 

* 12 transformants were screened per mutant . The length of lipid production unde low lintro gen conditions was 
3 days . 
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In summary , we have shown that it is possible to increase TABLE 3 - continued 
activity and shift profile specificity within C8 - C10 specific 

Ch C8 FATB thioesterases derived from Cuphea hookeriana by FABT2 variant 08 : 0 C10 : 0 C12 : 0 C14 : 0 C10sum using site directed mutagenesis of H163 and L186 within the 
N - terminal specificity domain . We found cells expressing 5 D3598 - wild average 1 . 14 5 . 72 0 . 15 1 . 56 8 . 57 

type Ch STDEV 0 . 27 0 . 77 0 . 06 0 . 05 1 . 12 variants that exceeded the parent ChFATB2 sequence in FATB2 
terms of sum of C8 : 0 + C10 : 0 production including strains D3599 - H163Y , average 5 . 65 12 . 91 0 . 39 1 . 74 20 . 69 
that produced oils with fatty acid profiles where the C8 and L186P STDEV 1 . 29 2 . 06 0 . 06 0 . 02 3 . 42 
C10 production exceed 9 , 11 , 14 , of the profile . 

10 
Example 2 : Identification of Double Mutants in Example 3 : Mutations at FATB Position 230 

FATB 
In the example below , we demonstrate the ability to 

Based on the demonstrated ability to modify the activity modify the activity and specificity of three FATB thio 
and specificity of a FATB2 thioesterase originally isolated esterases originally isolated from Cuphea hookeriana ( Ch 
from Cuphea hookeriana ( Ch FATB2 , accession U39834 ) , FATB2 , Uniprot accession U39834 ) , Cuphea palustris ( Cpal 
using site directed mutagenesis of H163 and L186 a second FATB1 , Uniprot accession Q39554 , SEQ ID NO : 13 ) and 
round of mutagenesis was initiated . Six constructs combin - Cuphea avigera FATB1 ( Ca FATB1 accession R4J2L6 , SEQ 
ing the positive mutations from Rdi ( C8 + C10 within 3 3 ID NO : 14 ) using site directed mutagenesis of a conserved 
standard deviations above the wild - type Ch FATB2 control Met within the enzymatic core ( M230 within Cpal FATB1 ) . 
( D3598 ) ) were generated ( Table 2 ) . It has recently been reported that substitution of the 

conserved M230 within the Cpal FATB1 with Iso , Val , Phe 
TABLE 2 or Leu will increase the enzymatic activity of this thio 

esterase . Because these results were obtained using E . coli , 
Beneficial Mutations Constructs we performed a similar screen to see if the results could be 

reproduced when expressed in Prototheca moriformis 163Tyr 186Lys 
163Tyr 186 Ala microalgae . The wild - type and thirteen Cpal FATB1 M230 
163Phe 186Pro mutants were generated and their effect on C8 : 0 fatty acid 
163Phe accumulation quantified . As shown in Table 4 , Prototheca 
163Phe 186 Ala moriformis transformed with six of the Cpal FATB1 M230 

mutants ( D3206 , D3208 , D3211 , D3212 , D3214 , and 
For the above examples , an expression construct was used D3215 ) exhibited fatty acid profiles that were similar to the 

that targeted the FATB variants and selection markers to the non - transformed S6165 host algal strain which likely is due 
Thi4 ( thiamine biosynthesis ) locus . An antibiotic resistance 3 to the mutation inactivating the Cpal FATB1 enzyme . In 
gene was used to select for resistance to G418 antibiotic . The contrast , Prototheca moriformis transfomants expressing 
UAPA promoter was used to drive FATB . The construct is one of the remaining seven Cpal FATB1 M230 mutants 
exemplified in SEQ ID NO : 9 . accumulated C8 : 0 fatty acids to varying degrees above the 

Five individual Ch FATB2 variants were generated and non - transformed S6165 host . D3213 ( M230P ) was less 
their effect on C8 : 0 and C10 : 0 fatty acid accumulation was in effective than the wild - type Cpal FATB1 transformants 
quantified . Transformants with C8 - C10 sum within 3 stan - ( D3004 ) , while D3207 ( M230L ) exhibited the same C8 : 0 
dard deviations above the wild - type Ch FATB2 control fatty acid levels as the wild - type Cpal FATB1 . D3210 
( D3598 ) were classified as positive ( Table 3 ) and those ( M230A ) , D3216 ( M230T ) , and D3217 ( M230F ) all accu 
within 3 standard deviations below were scored as negative mulated - 1 - 1 . 5 % more C8 : 0 than the wild - type D3004 . 
( Table 3 ) . The remaining transformants were classified as Finally , D3132 ( M2301 ) and D3209 ( M230V ) exhibited a 4 
neutral . As shown in Table 3 , Prototheca moriformis trans fold increase in C8 : 0 levels compared to the D3004 wild 
formed with three of the Ch FATB2 mutants ( D3875 , D3876 , type . While these results share some similarity with the 
and D3885 ) accumulated C8 : 0 - C10 : 0 fatty acids within 3 published data derived from expression in E . coli , there are 
standard above transformants expressing the wild type Ch some notable exceptions . For example , unlike in E . coli , 
FATB2 ( D3598 ) control . substitution of M230 with Leu did not improve C8 : 0 fatty 

acid accumulation compared to the wild - type Cpal FATB1 . 
TABLE 3 In addition , replacing the M230 with an Ala or Thr increased 

C8 : 0 accumulation relative to the wild - type Cpal FATB1 , 
C8 which was not expected based on the E . coli based screen . FABT2 variant 08 : 0 C10 : 0 C12 : 0 C14 : 0 C10sum 

- 55 
D3875 - 163F , average 4 . 66 12 . 40 0 . 34 1 . 61 19 . 02 TABLE 4 
186A STDEV 1 . 27 2 . 39 0 . 05 0 . 19 3 . 73 
( positive ) Impact on fatty acid profiles upon expression of the wild - type 
D3876 - 163F , average 5 . 25 13 . 12 0 . 36 1 . 55 20 . 28 Cpal FATB1 or the indicated mutant within the P . moriformis 
186K STDEV 1 . 19 2 . 05 0 . 05 0 . 03 3 . 31 algal strain S6165 . 
( positive ) 
D3877 - 163F , average 0 . 00 0 . 00 0 . 00 1 . 90 1 . 90 Transformant 08 : 0 C10 : 0 C12 : 0 C14 : 0 
186P STDEV 0 . 00 0 . 00 0 . 00 0 . 28 0 . 28 
( negative ) Wild - type Cpal average 3 . 67 0 . 52 0 . 21 1 . 43 
D3884 - 163Y , 0 . 32 1 . 52 17 . 81 FATB1 - D3004 median 2 . 98 0 . 44 0 . 19 1 . 45 
186A STDEV 0 . 58 1 . 06 0 . 03 0 . 04 1 . 69 M2301 - D3132 average 13 . 04 1 . 66 0 . 40 1 . 13 
D3885 - 163Y , average 5 . 39 13 . 14 0 . 36 1 . 49 20 . 38 median 12 . 13 1 . 53 0 . 37 1 . 15 
186K STDEV 1 . 31 2 . 18 0 . 05 0 . 03 3 . 52 65 M230K - D3206 average 0 . 01 0 . 01 0 . 06 1 . 46 
( positive ) median 0 . 00 0 . 00 0 . 06 1 . 45 

50 

Ch 

60 

average 4 . 29 11 . 69 
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TABLE 4 - continued 
Impact on fatty acid profiles upon expression of the wild - type 
Cpal FATB1 or the indicated mutant within the P . moriformis 

algal strain S6165 . 5 
Transformant 08 : 0 010 : 0 C12 : 0 C14 : 0 

Ca FATB1 mutant ( D3459 ) produced C12 : 0 and C14 : 0 fatty 
acids which was not observed with the wild - type or K228M 
Ca FATB1 . 

In summary , we have shown that the conclusions drawn 
from the e coli expression screen only partially agrees with 
our data derived from expressing the Cpal FATB1 mutants 
in our P . moriformis platform . In addition , the phenotypes 
observed upon substitution of the same amino acid position 
within the Ch FATB2 and Ca FATB1 are not what would 
have been expected based on the original e coli expression 
screen . Our results demonstrate that the expression platform 
and the thioesterase influence the outcome of a mutagenesis 
study . 

10 

Example 4 
15 

M230L - D3207 average 
median 

M230G - D3208 average 
median 

M230V - D3209 average 
median 

M230A - D3210 average 
median 

M230R - D3211 average 
median 

M230H - D3212 average 
median 

M230P - D3213 average 
median 

M230D - D3214 average 
median 

M230E - D3215 average 
median 

M230T - D3216 average 
median 

M230F - D3217 average 
median 

S6165 parent 

3 . 32 
3 . 45 
0 . 05 
0 . 07 

14 . 13 
14 . 31 
4 . 06 
3 . 92 
0 . 00 
0 . 00 
0 . 00 
0 . 00 
1 . 78 
1 . 65 
0 . 00 
0 . 00 
0 . 00 
0 . 00 
5 . 83 
5 . 77 
5 . 75 
5 . 24 
0 

0 . 44 
0 . 44 
0 . 01 
0 . 00 
1 . 96 
1 . 97 
0 . 35 
0 . 34 
0 . 02 
0 . 00 
0 . 05 
0 . 05 
0 . 54 
0 . 52 
0 . 03 
0 . 03 
0 . 00 
0 . 00 
0 . 57 
0 . 57 
0 . 97 
0 . 91 
0 

0 . 55 
0 . 56 
0 . 07 
0 . 07 
0 . 81 
0 . 80 
0 . 47 
0 . 45 
0 . 06 
0 . 06 
0 . 10 
0 . 09 
1 . 24 
1 . 20 
0 . 05 
0 . 05 
0 . 05 
0 . 05 
0 . 39 
0 . 40 
0 . 93 
0 . 89 
0 

1 . 54 
1 . 53 
1 . 58 
1 . 58 
1 . 36 
1 . 36 
1 . 82 
1 . 80 
1 . 43 
1 . 44 
1 . 49 
1 . 47 
2 . 85 
2 . 77 
1 . 50 
1 . 50 
1 . 49 
1 . 46 
1 . 48 
1 . 52 
1 . 78 
1 . 77 
1 . 50 

In addition to the results shown in Table 3 we discovered 
that Prototheca moriformis transfomants expressing Ch 
FATB2 H163Y , L186P , and 230K ( D3599 ) mutants exhib 
ited a shift in fatty acid profile specificity relative to the best 

20 Ch FATB2 mutant ( D3599 ) . Therefore an additional set of 
mutants were generated to alter the activity and specificity of 
Ch FATB2 , Table 5 . The 228K mutation corresponds to 
position 230 of Cuphea palustris FATB1 ( SEQ ID NO : 13 ) . 
Residue 230 of Cuphea palustris FATB1 corresponds to 

25 M228 in the Cuphea hookeriana FATB2 and Cuphea avig 
era FATB1 . 

Data shown is the average and median of 12 - 24 individual transformants for each Cpal 
FATB1 expression construct TABLE 5 

Beneficial Mutations Constructs Due to the discrepancies in outcome between the E . coli 30 - 
and P . moriformis expression , we explored the consequence 163Tyr 186Pro 228Lys 
of generating mutants at the parallel position within C8 - C10 163Tyr 186Lys 228Lys 

163Tyr 186Ala 228Lys specific FATB thioesterases derived from C . hookeriana ( Ch 163Phe 186Pro 228Lys 
FATB2 ) and C . avigera ( Ca FATB1 ) . FIG . 2 shows the 163Phe 186Lys 228Lys 
results of replacing the Met with Iso in the Ch FATB2 33 163Phe 186Ala 228Lys 
( D3455 , M2281 ) and Lys with Met or Iso in the Ca FATB1 
( D3458 and D3459 , respectively ) . Interestingly , the trans Five individual Ch FATB2 variants were generated and 
formants expressing the Ch FATB2 M2281 ( D3455 ) mutant their effect on C8 : 0 and C10 : 0 fatty acid accumulation was 
exhibit ~ 50 % lower total C8 : 0 - C14 : 0 fatty acids compared quantified . 

TABLE 6 

Campiño 
Five 

Ch FABT2 variant 08 : 0 C10 : 0 C12 : 0 C14 : 0 C8 - C10sum 
D3886 - 163F , 186A , 228K 

D3887 - 163F , 186K , 228K 

D3888 - 163F , 186P , 228K 
D3895 - 163Y , 186A , 228K 

average 
STDEV 
average 
STDEV 
average 
STDEV 
average 
STDEV 
average 
STDEV 
average 
STDEV 
average 
STDEV 

3 . 72 
1 . 06 
5 . 16 
1 . 34 
4 . 57 
1 . 42 
4 . 17 
1 . 72 
4 . 35 
0 . 73 
1 . 14 
0 . 27 
6 . 27 
2 . 10 

2 . 33 
0 . 46 
2 . 97 
0 . 61 
2 . 72 
0 . 71 
2 . 51 
0 . 93 
2 . 70 
0 . 28 
5 . 72 
0 . 77 
3 . 57 
0 . 86 

0 . 20 
0 . 03 
0 . 25 
0 . 04 
0 . 18 
0 . 06 
0 . 20 
0 . 07 
0 . 22 
0 . 02 
0 . 15 
0 . 06 
0 . 22 
0 . 05 

1 . 80 
0 . 10 
1 . 88 
0 . 12 
1 . 85 
0 . 07 
1 . 84 
0 . 10 
1 . 80 
0 . 07 
1 . 56 
0 . 05 
1 . 89 
0 . 08 

8 . 05 
1 . 64 

10 . 25 
2 . 11 
9 . 32 
2 . 24 
8 . 71 
2 . 80 
9 . 06 
1 . 08 
8 . 57 
1 . 12 

11 . 94 
3 . 07 

D3896 - 163Y , 186K , 228K 

D3598 - wild type Ch FATB2 
D3519 - H163Y , L186P , 228K 

to wild - type Ch FATB2 ( D3042 ) expression . Transformants Example 5 
expressing the K228M Ca FATB1 ( D3458 ) produced ~ 1 . 5 
fold greater C8 : 0 - C14 : 0 fatty acid level compared to the 60 In the example below , we demonstrate the ability to 
wild - type Ca FATB1 ( D3456 ) , while the K2281 Ca FATB1 modify the activity and specificity of a FATA thioesterase 
( D3459 ) was slightly less effective than wild - type Ca originally isolated from Garcinia mangostana ( GmFATA , 
FATB1 expression . Importantly , both K228M and K2281 Ca accession 004792 ) , using site directed mutagenesis targeting 
FATB1 mutants exhibited a novel fatty acid preference . Both six amino acid positions within the enzyme . The rational for 
Ca FATB1 mutants accumulated a lower percent of C8 : 0 65 targeting three of the amino acids ( G108 , S111 , V193 ) was 
relative to the total C8 : 0 - C14 : 0 compared to the wild - type based on research published by Facciotti , et al . , Nat Bio 
Ca FATB1 . In addition , transformants expressing the K228 ) technol . ( 1999 ) 17 ( 6 ) : 593 - 7 . The remaining three amino 
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acids ( L91 , G96 , T156 ) were targeted based on research tested earlier this one gave the best increase in C18 : 0 levels 
performed at Solazyme with other thioesterases . over the native GARMFATA1 protein . The screen was 

To test the impact of each mutation on the activity of the carried out in S5780 , a strain previously constructed in 
GmFATA , the wild - type and mutant genes were cloned into S5100 a high oleic base strain . S5780 was created through 
a vector enabling expression within the P . moriformis strain 5 the targeted deletion of the dominant SAD2 - 1 allele , reduc 
53150 . Table 7 summarizes the results from a three day lipid ing the rate of conversion of C18 : 0 to C18 : 1 and overex 
profile screen comparing the wild - type GmFATA with the 14 pression of PmKASII , increasing elongation of C16 : 0 to 
mutants . Three GmFATA mutants ( D3998 , D4000 , D4003 ) C18 : 0 . S5780 was transformed with constructs that targeted 
increased the amount of C18 : 0 by at least 1 . 5 fold compared the LPAT2 gene from T . cacao ( TcLPAT2 ) and the above 
to the wild - type protein ( D3997 ) . D3998 and D4003 were 10 mentioned combinations of GarmFATA1 site - directed 
mutations that had been described by Facciotti et al ( Nat - mutants to the FATA - 1 locus . TcLPAT2 is highly specific for 
Biotech 1999 ) as substitutions that increased the activity of incorporation of unsaturated fatty acids at the sn - 2 position 
the GmFATA . In contrast , the D4000 mutation was based on of TAGs . The S5780 strain , containing a deletion of a 
research at Solazyme which demonstrated this position stearoyl ACP desaturase ( SAD ) allele , was made according 
influenced the activity of the FATB thioesterases . to the teachings in co - owned applications WO2010 / 063031 , 

TABLE 7 
Algal 
Strain DNA # 

SEQ ID 
NO : GmFATA C14 : 0 C16 : 0 C18 : 0 C18 : 1 C18 : 2 

P . moriformis 
S3150 

1 . 63 
1 . 79 

29 . 82 
29 . 28 

3 . 08 
7 . 32 

55 . 95 
52 . 88 

7 . 22 
6 . 21 D3997 

D3998 1 . 84 28 . 88 11 . 19 49 . 08 6 . 21 

D3999 1 . 73 29 . 92 3 . 23 56 . 48 6 . 46 

18 
19 

6 . 01 
6 . 28 

15 Wild 
Type 
GmFATA 

16 S111A , 
V193A 
S1111 , 
V193A 
G96A 
G96T 

20 G96V 
21 G108A 

G108V 
L91F 
L91K 
L915 

26 T156F 
T156A 
T156K 

29T156V 

6 . 43 

Na 

D4000 
D4001 
D4002 
D4003 
D4007 
D4004 
D4005 
D4006 
D4008 
D4009 
D4010 
D4011 

6 . 97 

1 . 76 
1 . 82 
1 . 78 
1 . 77 
1 . 81 
1 . 76 
1 . 87 
1 . 85 
1 . 81 
1 . 72 
1 . 73 
1 . 80 

30 . 19 
30 . 60 
29 . 35 
29 . 06 
28 . 78 
29 . 60 
28 . 89 
28 . 06 
28 . 71 
29 . 66 
29 . 95 
29 . 17 

12 . 66 45 . 99 
3 . 58 55 . 50 
3 . 45 56 . 77 

12 . 31 47 . 86 
5 . 71 55 . 05 

53 . 04 
4 . 38 56 . 24 
4 . 81 56 . 45 
3 . 65 57 . 35 
5 . 44 54 . 54 
3 . 17 56 . 86 
4 . 9755 . 44 

23 
24 

6 . 08 
6 . 26 
6 . 13 
6 . 35 
6 . 47 
6 . 31 
6 . 26 
6 . 21 
6 . 27 

Example 6 WO2011 / 150411 , and / or WO2012 / 106560 , all of which are 
40 herein incorporated by reference . 

Wild - type P . moriformis storage lipid is comprised of Construct Used for the Expression of TcLPAT2 and Garm 
– 60 % oleic ( C18 : 1 ) , ~ 25 - 30 % palmitic ( C16 : 0 ) , and ~ 5 - 8 % FATA1 ( G96A , G108A ) at PmFATA1 Locus ( pSZ5990 ) 
linoleic ( C18 : 2 ) acids , with minor amounts of stearic ( C18 : In this example 55780 strain , transformed with the con 
0 ) , myristic ( C14 : 0 ) , a - linolenic ( C18 : 3a ) , and palmitoleic struct pSZ5990 , was generated which express Saccharomy 
( C16 : 1 ) acids . This fatty acid profile results from the relative 45 ces carlbergenesis SUC2 gene ( allowing for their selection 
activities and substrate affinities of the enzymes of the and growth on medium containing sucrose ) , a T . cacao 
endogeneous fatty acid biosynthetic pathway . The introduc LPAT2 and G . mangostana FATA1 ( G96A , G108A ) thio 
tion of Garcinia mangostana FATA thioesterase ( Garm - esterase targeted at endogenous PmFATA1 genomic region . 
FATA1 ) gene into P . moriformis results in oils with increased s Construct pSZ5990 introduced for expression in 55780 can 
levels of stearate ( C18 : 0 ) . Furthermore we demonstrated be written as FATA - 1 3 ' flank : : CrTub2 - ScSUC2 - PmPGH : 
that the G96A and G108A single mutations , and the ( S111A , Spacer1 : PmG3PDH - 1 - TcLPAT2 - PmATP : Spacer2 : Pm 
V193A ) double mutations in GarmFATA1 increased C18 : 0 SAD2 - 2v2 - CpSAD1tp _ GarmFATA1 ( G96A , G108A ) 
accummulation relative to the native GarmFATA1 protein . FLAG - PmSAD2 - 1 : : FATA - 1 5 ' flank 

In the present example we assessed the thioesterase 55 The sequence of the transforming DNA is provided in 
activity of a series of additional GarmFATA1 mutants . These FIG . 1 . Relevant restriction sites in the construct are indi 
mutants were generated by combining the above - described cated in lowercase , underlined bold , and are from 5 ' - 3 ' 
G96A , G108A , S111A and V193A mutations into double , BspQI , Kpnl , Xbal , Mfel , BamHI , Avril , Ndel , Nsil , Afili , 
triple or quadruple mutants . Specifically we tested Garm - EcoRI , Spel , AscII , Clal , Sacl and BspQI respectively . 
FATA1 ( G96A , G108A ) , GarmFATA1 ( G96A , S111A ) , 60 BspQI sites delimit the 5 ' and 3 ' ends of the transforming 
GarmFATA1 ( G96A , V193A ) , GarmFATA1 ( G108A , DNA . Bold , lowercase sequences represent genomic DNA 
S111A ) , GarmFATA1 ( G108A , V193A ) , GarmFATA1 from P . moriformis that permit targeted integration at the 
( G96A , G108A , S111A ) , GarmFATA1 ( G96A , G108A , FATA1 locus via homologous recombination . Proceeding in 
V193A ) , GarmFATA1 ( G96A , S111A , V193A ) , Garm the 5 ' to 3 ' direction , the Chlorella reinhardtii Tubulin 2 , 
FATA1 ( G108A , S111A , V193A ) , and GarmFATA1 ( G96A , 65 driving the expression of the S . cervisiae SUC2 gene is 
G108A , S111A , V193A ) mutant combinations . GarmFATA1 indicated by lowercase , boxed text . Uppercase italics indi 
( G108A ) was used as a control since out of all the mutants cate the initiator ATG and terminator TGA for SUC2 , while 
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the coding region is indicated with lowercase italics . The P . In addition to T cacao LPAT2 and G . mangostana FATA1 
moriformis Phosphoglycerate dehydratase ( PGH ) gene 3 ' ( G96A , G108A ) genes targeted at PmFAFA1 locus 
UTR is indicated by lowercase underlined text followed by ( pSZ5990 ) several other constructs incorporating the vari 
buffer / spacer - 1 DNA sequence indicated by lowercase bold ous mutations described above were designed for transfor 
italic text . Immediately following the buffer nucleotide is an 5 mation into S5780 . These constructs are summarized below 
endogenous G3PDH - 1 promoter of P . moriformis , indicated in Table 8 : 

TABLE 8 

Plasmid 
SEQ ID 
NO : Genotype 

pSZ5936 47 

pSZ5991 48 

pSZ5986 49 

pSZ5982 50 

pSZ5983 51 

pSZ6005 52 
pSZ5984 53 

pSZ6004 

PSZ5985 
pSZ5987 

FATA - 1 : : CrTUB2 - SCSUC2 - PmPGH : PmG3PDH - 1 - TCLPAT2 - PmATP : PmSAD2 - 2 
CpSAD1 _ _ GarmFATAL ( G108A _ FLAG - PmSAD2 - 1 : : FATA - 1 _ 5 ' 
FATA - 1 _ 3 ' : : CrTUB2 - SCSUC2 - PmPGH : PmG3PDH - 1 - TCLPAT2 - PmATP : PmSAD2 - 2 
CASADi _ GarmFATA1 ( G96A , S111A ) _ FLAG - PmSAD2 - 1 : : FATA - 1 _ 5 ' 
FATA - 1 _ 3 ' : : CrTUB2 - SCSUC2 - PmPGH : PmG3PDH - 1 - TcLPAT2 - PmATP : PmSAD2 - 2 
CASADi _ GarmFATA1 ( G96A , V193A ) _ FLAG - PmSAD2 - 1 : : FATA - 1 _ 5 ' 
FATA - 1 _ 3 ' : : CrTUB2 - ScSUC2 - PmPGH : PmG3PDH - 1 - TcLPAT2 - PmATP : PmSAD2 - 2 
CpSADi _ GarmFATA1 ( G108A , S111A ) _ FLAG - PmSAD2 - 1 : : FATA - 1 _ 5 ' 
FATA - 1 _ 3 ' : : CrTUB2 - ScSUC2 - PmPGH : PmG3PDH - 1 - TcLPAT2 - PmATP : PmSAD2 - 2 
CpSAD1 _ GarmFATA1 ( G108A , V193A ) _ FLAG - PmSAD2 - 1 : : FATA - 1 _ 5 ' 
FATA - 1 _ 3 ' : : CrTUB2 - SCSUC2 - PmPGH : PmG3PDH - 1 - TCLPAT2 - PmATP : PmSAD2 - 2 
CpSAD1 _ GarmFATA1 ( G96A , G108A , S111A ) _ FLAG - PmSAD2 - 1 : : FATA - 1 _ 5 ' 
FATA - 1 _ 3 ' : : CrTUB2 - ScSUC2 - PmPGH : PmG3PDH - 1 - TcLPAT2 - PmATP : PmSAD2 - 2 
CASADi _ GarmFATA1 ( G96A , G108A , V193A ) _ FLAG - PmSAD2 - 1 : : FATA - 1 _ 5 ' 
FATA - 1 _ 3 : : CrTUB2 - SCSUC2 - PmPGH : PmG3PDH - 1 - TCLPAT2 - PmATP : PmSAD2 - 2 
CpSAD1 _ GarmFATA1 ( G96A , S111A , V193A ) _ FLAG - PmSAD2 - 1 : : FATA - 1 _ 5 ' 
FATA - 1 3 ' : : CrTUB2 - SCSUC2 - PmPGH : PmG3PDH - 1 - TCLPAT2 - PmATP : PmSAD2 - 2 
CpSAD1 _ GarmFATA1 ( G108A , S111A , V193A ) _ FLAG - PmSAD2 - 1 : : FATA - 1 _ 5 ' 
FATA - 1 _ 3 ' : : CrTUB2 - ScSUC2 - PmPGH : PmG3PDH - 1 - TOLPAT2 - PmATP : PmSAD2 - 2 
CASADi _ GarmFATA1 ( G96A , G108A , S111A , V193A ) _ FLAG - PmSAD2 - 1 : : FATA - 1 _ 5 ' 
FATA - 1 : : CrTUB2 - SCSUC2 - PmPGH : PmG3PDH - 1 - TcLPAT2 - PmATP : PmACPplp 
CpSAD1 _ GarmFATA1 ( G108A ) _ FLAG - PmSAD2 - 1 : : FATA - 1 _ 5 ' 
FATA - 1 : : CrTub2 - ScSUC2 - PmPGH : PmG3PDH - 1 - TCLPAT2 - PmATP : PmACP - P1p 
CpSAD1tp _ GarmFATA1 ( G108A , S111A ) _ FLAG - PmSAD2 - 1 : FATA - 1 
FATA - 1 : : CrTub2 - ScSUC2 - PmPGH : PmG3PDH - 1 - TOLPAT2 - PmATP : PmACP - P1p 
CASAD1tp _ GarmFATA1 ( G108A , V193A ) _ FLAG - PmSAD2 - 1 : : FATA - 1 
FATA - 1 : : CrTub2 - ScSUC2 - PmPGH : PmG3PDH - 1 - TOLPAT2 - PmATP : PmACP - P1p 
CpSAD1tp _ GarmFATA1 ( G96A , G108A , V193A ) _ FLAG - PmSAD2 - 1 : : FATA - 1 
FATA - 1 : : CrTub2 - SCSUC2 - PmPGH : PmG3PDH - 1 - TCLPAT2 - PmATP : PmACP - P1p 
CpSAD1tp _ GarmFATA1 ( G108 , S111A , V193A ) _ FLAG - PmSAD2 - 1 : : FATA - 1 
FATA - 1 : : CrTub2 - SCSUC2 - PmPGH : PmG3PDH - 1 - TcLPAT2 - PmATP : PmACP - P1p 
CpSAD1tp _ GarmFATA1 ( G96A , V193A ) _ FLAG - PmSAD2 - 1 : : FATA - 1 
FATA - 1 : : CrTub2 - SCSUC2 - PmPGH : PmG3PDH - 1 - TCLPAT2 - PmATP : PmACP - P1p 
CpSAD1tp _ GarmFATA1 ( G96A , S111A ) _ FLAG - PmSAD2 - 1 : FATA - 1 
FATA - 1 : : CrTub2 - ScSUC2 - PmPGH : PmG3PDH - 1 - TcLPAT2 - PmATP : PmACP - P1p 
CpSAD1tp _ GarmFATA1 ( G96A G108A , S111A ) _ FLAG - PmSAD2 - 1 : : FATA - 1 

pSZ6018 
pS26019 50 
PS26020 51 

pSZ6021 53 

pS26022 

pSZ6023 19 

pSZ6026 48 

pSZ6028 52 

by boxed lowercase text . Uppercase italics indicate the All these constructs have the same vector backbone , 
Initiator ATG and terminator TGA codons of the T . cacao selectable marker , promoters , genes and 3 ' UTRs as 
LPAT2 gene , while the lowercase italics indicate the remain - 45 PSZ5990 differing only in the mutations in the GarmFATA1 . 
der of the gene . The P . moriformis Adenosine triphosphate In addition , the constructs pSZ6019 t0 psZ6023 , PS26026 
( ATP ) gene 3 ' UTR is indicated by lowercase underlined text and pSZ6028 differ in promoter driving the particular Garm 
followed by the buffer / spacer 2 nucleotide sequence indi FATA1 mutant . While in ps25990 GarmFATA1 ( G96A , 
cated by lowercase bold italic text . Immediately following G108A ) is driven by PmSAD2 - 2v2 promoter , the various 
the spacer - 2 sequence is the endogenous PmSAD2 - 2 pro - » GarmFATA1 mutant combinations in pSZ6019 - pSZ6028 are 
moter of P . moriformis , indicated by boxed lowercase text . driven by PmACP - P1 promoter . The nucleotide sequences 
Uppercase italics indicate the initiator ATG and terminator of various GarmFATA1 mutants used in the above constructs 
TGA for G . mangostana FATA1 gene while the coding are shown in SEQ ID NOS : 47 - 56 . The promoter sequence 
region is indicated with lowercase italics . The FATA1 gene 5s of PmACP - P1 is pSZ6019 - pSZ6028 is shown in SEQ ID 
is translationally fused to C . protothecoides Stearoyl ACP NO : 57 . Relevant restriction sites as bold text are shown 5 ' - 3 ' 
Desaturase - 1 ( CpSAD1 ) transit peptide at the N terminal respectively . 
( indicated by underlined lowercase italic text ) for proper To determine their impact on fatty acid profiles , all the 
targeting to chloroplast and the 3xFLAG tag at the C constructs described above were transformed independently 
terminal ( indicated double underlined , italic , bold lowercase 60 into either S5780 . Primary transformants were clonally 
text ) . GarmFATA1 with CpSAD transit peptide and purified and grown under standard lipid production condi 
3xFLAG sequence is followed by endogenous Stearoyl ACP tions at pH5 . 0 . The resulting profiles from a set of repre 
Desaturase - 1 ( SAD1 ) gene 3 ' UTR indicated by lowercase sentative clones arising from transformation of S5780 with 
underlined text . The genomic sequence of endogenous pSZ5936 ( D4933 ) , pSZ5990 ( D4950 ) , pS25991 ( D4951 ) , 
FATA1 gene is indicated by lowercase bold text . The final 65 PSZ5986 ( D4948 ) , pS25982 ( 4931 ) , PSZ5983 ( D4932 ) , 
construct was sequenced to ensure correct reading frames PSZ6005 ( D4952 ) , pSZ5984 ( D4933 ) , PSZ6004 ( D4953 ) , 
and targeting sequences , and is provided as SEQ ID NO : 46 . PS25985 ( D4934 ) , pSZ5987 ( D4949 ) , pSZ6018 ( D4978 ) , 



32 
US 10 , 246 , 728 B2 

31 
PSZ6019 ( D4979 ) , PS26020 ( D4980 ) , PSZ6021 ( D4981 ) , G108A ) , ( G108A , S111A ) and ( G108A , V193A ) combina 
pSZ6022 ( D4982 ) , pSZ6023 ( D4983 ) , PS26026 ( D4986 ) , tions consistently accumulated more C18 : 0 than the 
pSZ6028 ( D4988 ) are shown in Tables 9 - 19 respectively . ( G108A ) single mutant , with minimal increases in C16 : 0 . 

Table 13 lists the average fatty acid profiles and glucose D4950 ( G96A . G108A ) produced more than 50 % C18 : 0 in 
consumption ( relative to the 57485 base strain ) for each set 5 5 multiple strains . The ( G96A , G108A , S111A ) , ( G96A , of transformants . Disruption of one allele of FATA - 1 reduces 
C16 : 0 by 1 - 2 % , while TcLPAT2 activity manifests as a G108A , V193A ) and ( G96A , S111A , V193A ) triple mutants 
1 - 1 . 5 % increase in C18 : 2 in these strains . D4993 and D4978 also produced generally higher C18 : 0 , but at a cost of 

increased C16 : 0 . The ( G108A , S111A , V193A ) triple expressing GarmFATA1 ( G108A ) mutant accumulated 
between 44 . 69 % to 45 . 33 % and 34 . 26 to 50 . 94 % C18 : 0 , mutant and ( G96A , G108A , S111A , V193A ) quadruple 
respectively . D4993 has GarmFATA1 ( G108A ) driven by mutant produced C18 : 0 less than the G108 single mutant . 
PmSAD2 - 2 promoter while for D4978 PmACP - P1 promoter PmACP - P1 promoter generally resulted in more C18 : 0 than 
drives the GarmFATAI ( G108A ) . Strains with the ( G96A , the ones driven by PmSAD2 - 2 promoter . 

TABLE 9 
Fatty acid profile 

Sample ID C14 : 0 C16 : 0 C18 : 0 C18 : 1 C18 : 2 C18 : 3a C20 : 0 
S5780 
S5780 ; T1402 ; D4993 - 7 
S5780 ; T1402 ; D4993 - 4 
S5780 ; T1402 ; D4993 - 2 
S5780 ; T1402 ; D4993 - 8 
S5780 ; T1402 ; D4993 - 9 
S5780 ; T1395 ; D4978 - 1 
S5780 ; T1395 ; D4978 - 6 
S5780 ; T1395 ; D4978 - 2 
S5780 ; T1395 ; D4978 - 3 

0 . 75 
0 . 65 
0 . 66 
0 . 63 
0 . 65 
0 . 64 
0 . 72 
0 . 68 
0 . 78 
0 . 79 

7 . 07 
4 . 66 
4 . 62 
4 . 54 
4 . 52 
4 . 60 
5 . 22 
5 . 15 
6 . 21 
6 . 90 

30 . 32 
45 . 33 
45 . 22 
44 . 94 
44 . 92 
44 . 69 
50 . 94 
49 . 26 
43 . 12 
34 . 26 

51 . 61 5 . 96 
38 . 86 7 . 42 
38 . 64 7 . 70 
39 . 11 7 . 59 
39 . 22 7 . 62 
39 . 45 7 . 52 
32 . 58 7 . 49 
34 . 74 7 . 17 
39 . 627 . 01 
48 . 01 6 . 41 

0 . 79 
0 . 64 
0 . 67 
0 . 66 
0 . 65 
0 . 64 
0 . 67 
0 . 65 
0 . 72 
0 . 79 

2 . 16 
1 . 50 
1 . 51 
1 . 54 
1 . 50 
1 . 48 
1 . 43 
1 . 45 
1 . 57 
1 . 91 

30 Table 9 provides primary 3 - day Fatty acid profiles of 
representative 55780 strains transformed with D4993 
( pSZ5936 ) and D4978 ( pSZ6018 ) . Both pSZ5936 and 
PSZ6018 have GarmFATA1 ( G108 ) mutant driven by 
PmSAD2 - 2 or PmACP - P1 respectively . 

TABLE 10 
Fatty acid profile 

Sample ID C14 : 0 C16 : 0 C18 : 0 C18 : 1 C18 : 2 C18 : 3a C20 : 0 
S5780 
S5780 ; T1402 ; D4950 - 3 
S5780 ; T1402 ; D4950 - 8 
S5780 ; T1402 ; D4950 - 5 
S5780 ; T1402 ; D4950 - 7 
S5780 ; T1402 ; D4950 - 4 

0 . 70 
0 . 64 
0 . 64 
0 . 66 
0 . 65 
0 . 66 

6 . 98 
5 . 16 
5 . 17 
5 . 20 
5 . 15 
5 . 22 

30 . 82 
50 . 73 
50 . 63 
50 . 23 
49 . 90 
49 . 53 

51 . 28 5 . 80 
32 . 92 7 . 34 
33 . 10 7 . 28 
33 . 31 7 . 42 
33 . 81 7 . 31 
34 . 137 . 21 

0 . 77 
0 . 62 
0 . 62 
0 . 62 
0 . 63 
0 . 61 

2 . 27 
1 . 41 
1 . 41 
1 . 40 
1 . 40 
1 . 42 

Table 10 provides primary 3 - day Fatty acid profiles of 
representative 55780 strains transformed with D4950 
( pSZ5990 ) . PSZ5990 expresses GarmFATA1 ( G96A , G108 ) 
mutant driven by PmSAD2 - 2 . 

TABLE 11 
Fatty acid profile 

Sample ID C14 : 0 C16 : 0 C18 : 0 C18 : 1 C18 : 2 C18 : 3 a C20 : 0 

7 

S5780 
S5780 ; T1402 ; D4951 - 18 
55780 : T1402 : D4951 - 8 
S5780 ; T1402 ; D4951 - 3 
S5780 ; T1402 ; D4951 - 4 
S5780 ; T1402 ; D4951 - 15 
S5780 ; T1395 ; D4986 - 21 
S5780 ; T1395 ; D4986 - 18 
S5780 ; T1395 ; D4986 - 23 
S5780 ; T1395 ; D4986 - 15 
$ 5780 ; T1395 ; D4986 - 1 

0 . 81 
0 . 73 
0 . 70 
0 . 70 
0 . 69 
0 . 72 
0 . 79 
0 . 77 
0 . 78 
0 . 75 
0 . 84 

7 . 56 
5 . 11 
4 . 80 
4 . 82 
4 . 82 
4 . 95 
5 . 78 
5 . 77 
5 . 66 
5 . 52 
6 . 38 

31 . 15 
46 . 22 
42 . 65 
42 . 42 
42 . 28 
42 . 07 
48 . 77 
48 . 43 
47 . 64 
47 . 60 
46 . 95 

50 . 19 
36 . 56 
40 . 59 
40 . 74 
40 . 88 
40 . 72 
33 . 99 
34 . 61 
35 . 30 
35 . 80 
34 . 55 

6 . 12 
7 . 92 
. 77 

7 . 76 
7 . 76 
8 . 00 
7 . 54 
7 . 32 
7 . 44 
7 . 21 
8 . 29 

0 . 82 
0 . 72 
0 . 72 
0 . 71 
0 . 73 
0 . 73 
0 . 69 
0 . 65 
0 . 69 
0 . 67 
0 . 64 

2 . 18 
1 . 54 
1 . 58 
1 . 58 
1 . 60 
1 . 58 
1 . 48 
1 . 46 
1 . 49 
1 . 50 
1 . 33 
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Table 11 provides Primary 3 - day Fatty acid profiles of 
representative 55780 strains transformed with D4951 
( pSZ5991 ) and D4986 ( PS26026 ) . PS25991 and pS26026 
express GarmFATA1 ( G96A , S111A ) mutant driven by 
PmSAD2 - 2 and PmACP - P1 respectively . 

TABLE 12 
Fatty acid profile 

Sample ID C14 : 0 C16 : 0 C18 : 0 C18 : 1 C18 : 2 c18 : 3a C20 : 0 
S5780 
S5780 ; T1388 ; D4948 - 6 
S5780 ; T1388 ; D4948 - 10 
S5780 ; T1388 ; D4948 - 11 
S5780 ; T1388 ; D4948 - 4 
S5780 ; T1388 ; D4948 - 9 
S5780 ; T1395 ; D4983 - 25 
S5780 ; T1395 ; D4983 - 14 
S5780 ; T1395 ; D4983 - 27 
S5780 ; T1395 ; D4983 - 18 
S5780 ; T1395 ; D4983 - 13 

0 . 82 
0 . 70 
0 . 66 
0 . 72 
0 . 72 
0 . 72 
0 . 73 
0 . 68 
0 . 70 
0 . 67 
0 . 68 

7 . 51 
4 . 93 
4 . 79 
5 . 05 
5 . 11 
5 . 06 
5 . 85 

30 . 86 
46 . 65 
46 . 23 
46 . 18 
46 . 11 
46 . 09 
49 . 47 
48 . 53 
48 . 35 
48 . 26 
48 . 09 

50 . 34 
36 . 92 
37 . 72 
36 . 89 
36 . 97 
36 . 96 
32 . 96 
35 . 02 
34 . 56 
35 . 35 
35 . 59 

6 . 27 
7 . 66 
7 . 51 
8 . 04 
8 . 00 
8 . 05 
7 . 77 

0 . 86 
0 . 68 
0 . 68 
0 . 67 
0 . 66 
0 . 67 
0 . 62 
0 . 63 
0 . 62 
0 . 62 
0 . 63 

2 . 16 
1 . 50 
1 . 43 
1 . 47 
1 . 45 
1 . 45 
1 . 49 
1 . 52 
1 . 50 
1 . 51 
1 . 48 

7 . 32 5 . 25 
5 . 66 
5 . 30 
5 . 31 

7 . 56 
7 . 29 
7 . 27 

Table 12 provides primary 3 - day Fatty acid profiles of 
representative 55780 strains transformed with D4948 
( PSZ5986 ) and D4983 ( PS26023 ) . PSZ5986 and pSZ6023 25 
express GarmFATA1 ( G96A , V193A ) mutant driven by 
PmSAD2 - 2 and PmACP - P1 respectively . 

TABLE 13 
Fatty acid profile 

Sample ID C14 : 0 C16 : 0 C18 : 0 C18 : 1 C18 : 2 C18 : 3a C20 : 0 
0 . 87 S5780 0 . 77 

S5780 ; T1388 ; D4931 - 25 0 . 70 
S5780 ; T1388 ; D4931 - 9 0 . 73 
S5780 ; T1388 ; D4931 - 13 0 . 72 
S5780 ; T1388 ; D4931 - 17 0 . 76 
S5780 ; T1388 ; D4931 - 12 0 . 73 
S5780 ; T1395 ; D4979 - 36 0 . 89 
S5780 ; T1395 ; D4979 - 5 0 . 77 
S5780 ; T1395 ; D4979 - 41 0 . 79 
S5780 ; T1395 ; D4979 - 390 . 82 
S5780 ; T1395 ; D4979 - 32 0 . 82 

7 . 36 

5 . 13 
5 . 43 
5 . 24 
5 . 14 
5 . 33 
6 . 91 
5 . 88 
6 . 25 
6 . 36 
6 . 49 

30 . 84 

48 . 48 
48 . 29 
48 . 13 
48 . 07 
47 . 91 

50 . 03 
49 . 65 
49 . 52 
49 . 43 
49 . 12 

50 . 71 
35 . 40 
34 . 92 
35 . 22 
35 . 08 
35 . 27 
31 . 13 
33 . 24 
33 . 09 
32 . 49 
32 . 98 

6 . 24 
7 . 25 
7 . 63 
7 . 64 
7 . 86 
7 . 65 
7 . 83 
7 . 25 
7 . 28 
7 . 66 
7 . 45 

0 . 64 
0 . 65 
0 . 66 
0 . 68 
0 . 67 
0 . 67 
0 . 68 
0 . 63 
0 . 66 
0 . 63 

2 . 12 
1 . 43 
1 . 41 
1 . 45 
1 . 42 
1 . 42 
1 . 40 
1 . 48 
1 . 42 
1 . 48 
1 . 43 

45 
Table 13 provides primary 3 - day Fatty acid profiles of 

representative 55780 strains transformed with D4931 
( pSZ5982 ) and D4979 ( pSZ6019 ) . PSZ5982 and pSZ6019 
express GarmFATA1 ( G108A , S111A ) mutant driven by 
PmSAD2 - 2 and PmACP - P1 respectively . 

TABLE 14 

Table 14 provides primary 3 - day Fatty acid profiles of 
representative 55780 strains transformed with D4932 
( pSZ5983 ) and D4980 ( PS26020 ) . PSZ5983 and PS26020 
express GarmFATA1 ( G108A , V193A ) mutant driven by 
PmSAD2 - 2 and PmACP - P1 respectively . 

Fatty acid profile 

Sample ID C14 : 0 C16 : 0 C18 : 0 C18 : 1 C18 : 2 C18 : 3a C20 : 0 
7 . 46 
4 . 59 
4 . 89 
4 . 93 
4 . 95 

6 . 28 
9 . 13 
. 53 

7 . 50 
7 

7 . 69 

S5780 
S5780 ; T1388 ; D4932 - 48 
S5780 : T1388 : D4932 - 36 
S5780 ; T1388 ; D4932 - 28 
S5780 ; T1388 ; D4932 - 23 
S5780 ; T1388 ; D4932 - 5 
S5780 ; T1395 ; D4980 - 21 
S5780 ; T1395 ; D4980 - 1 
S5780 ; T1395 ; D4980 - 25 
S5780 ; T1395 ; D4980 - 18 
S5780 ; T1395 ; D4980 - 30 

0 . 79 
0 . 78 
0 . 66 
0 . 66 
0 . 67 
0 . 68 
0 . 71 
0 . 72 
0 . 68 
0 . 77 
0 . 70 

4 . 93 
4 . 54 

31 . 60 
49 . 48 
49 . 25 
49 . 04 
49 . 03 
49 . 01 
51 . 48 
48 . 65 
47 . 67 
46 . 51 
45 . 14 

49 . 57 
31 . 74 
34 . 63 
34 . 91 
34 . 55 
34 . 77 
32 . 09 
33 . 81 
35 . 53 
34 . 39 
38 . 84 

0 . 86 
1 . 30 
0 . 66 
0 . 65 
0 . 66 
0 . 67 
0 . 87 
0 . 62 
0 . 66 
0 . 71 
0 . 70 

7 . 54 
7 . 54 
8 . 04 . 
. 61 

8 . 69 
6 . 80 

2 . 19 
1 . 84 
1 . 43 
1 . 38 
1 . 42 
1 . 38 
1 . 78 
1 . 46 
1 . 47 
1 . 45 
1 . 70 

5 . 80 
5 . 46 
6 . 49 
5 . 22 

7 
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TABLE 15 
Fatty acid profile 

Sample ID C14 : 0 C16 : 0 C18 : 0 C18 : 1 C18 : 2 C18 : 3a C20 : 0 
5 . 87 
7 . 70 
7 . 60 
7 . 63 
7 . 74 

S5780 
S5780 ; T1402 ; D4952 - 9 
S5780 ; T1402 ; D4952 - 5 
S5780 ; T1402 ; D4952 - 1 
S5780 ; T1402 ; D4952 - 8 
S5780 ; T1402 ; D4952 - 10 
S5780 ; T1395 ; D4988 - 5 
S5780 ; T1395 ; D4988 - 7 
S5780 ; T1395 ; D4988 - 8 
S5780 ; T1395 ; D4988 - 3 
S5780 ; T1395 ; D4988 - 10 

0 . 75 
0 . 77 
0 . 75 
0 . 75 
0 . 78 
0 . 77 
0 . 99 
0 . 75 
0 . 77 
1 . 12 
1 . 27 

7 . 14 
5 . 68 
5 . 58 
5 . 62 
5 . 78 
5 . 65 
8 . 68 
5 . 50 
5 . 57 
9 . 63 

11 . 45 

30 . 84 
48 . 96 
48 . 60 
48 . 59 
48 . 51 
48 . 35 
48 . 51 
46 . 63 
46 . 51 
44 . 06 
43 . 35 

51 . 19 
33 . 44 
33 . 94 
33 . 94 
33 . 71 
34 . 15 
31 . 29 
36 . 68 
36 . 73 
33 . 16 
31 . 26 

7 . 59 

0 . 79 
0 . 68 
0 . 70 
0 . 69 
0 . 67 
0 . 70 
0 . 64 
0 . 69 
0 . 70 
0 . 76 
0 . 74 

2 . 26 
1 . 50 
1 . 52 
1 . 51 
1 . 50 
1 . 52 
1 . 51 
1 . 43 
1 . 42 
1 . 57 
1 . 49 

7 . 08 
7 . 41 
7 . 47 
8 . 33 
8 . 95 

Table 15 provides primary 3 - day Fatty acid profiles of 
representative 55780 strains transformed with D4952 
( pSZ6005 ) and D4988 ( PS26028 ) . PSZ6005 and pSZ6028 
express GarmFATA1 ( G96A , G108A , S111A ) mutant driven 20 
by PmSAD2 - 2 and PmACP - P1 respectively . 

TABLE 16 

Fatty acid profile 

Sample ID C14 : 0 C16 : 0 C18 : 0 C18 : 1 C18 : 2 C18 : 3a C20 : 0 

0 
0 

S5780 
S5780 ; T1388 ; D4933 - 12 
S5780 ; T1388 ; D4933 - 9 
S5780 ; T1388 ; D4933 - 8 
S5780 ; T1388 ; D4933 - 2 
S5780 ; T1388 ; D4933 - 5 
S5780 ; T1395 ; D4981 - 1 
S5780 ; T1395 ; D4981 - 3 
S5780 ; T1395 ; D4981 - 7 
S5780 ; T1395 ; D4981 - 4 
S5780 ; T1395 ; D4981 - 8 

0 . 79 
0 . 67 
0 . 69 
0 . 66 
0 . 70 
0 . 85 
0 . 63 
0 . 71 
0 . 70 

0 . 75 
0 . 71 

7 . 46 
5 . 48 
5 . 68 
5 . 46 
5 . 66 
5 . 84 
5 . 07 
5 . 70 
5 . 87 

6 . 18 
6 . 42 

31 . 60 49 . 57 
50 . 4032 . 85 
50 . 20 32 . 58 
50 . 07 33 . 20 
49 . 99 32 . 81 
41 . 97 39 . 70 
37 . 33 46 . 45 
34 . 96 47 . 88 
34 . 44 48 . 58 

33 . 7848 . 83 
33 . 3849 . 33 

6 . 28 
7 . 31 
7 . 55 
7 . 35 
7 . 61 
7 . 94 
6 . 75 
7 . 02 
6 . 52 

6 . 61 
6 . 05 

0 . 86 
0 . 63 
. 65 
. 63 

0 . 63 
0 . 97 
0 . 76 
0 . 86 
0 . 78 

0 . 83 
0 . 78 

2 . 19 
1 . 36 
1 . 41 
1 . 39 
1 . 38 
1 . 36 
2 . 00 
1 . 88 
2 . 04 

1 . 98 
2 . 21 

Table 16 provides primary 3 - day Fatty acid profiles of 
representative 55780 strains transformed with D4933 45 
( pSZ5984 ) and D4981 ( pSZ6021 ) . PS25984 and pSZ6021 
express GarmFATA1 ( G96A , G108A , V193A ) mutant 
driven by PmSAD2 - 2 and PmACP - P1 respectively . 

TABLE 17 
Fatty acid profile 

Sample ID C14 : 0 C16 : 0 C18 : 0 C18 : 1 C18 : 2 C18 : 3a C20 : 0 

7 . 27 S5780 
S5780 ; T1388 ; D4953 - 6 
S5780 ; T1388 ; D4953 - 4 
S5780 ; T1402 ; D4953 - 3 
S5780 ; T1402 ; D4953 - 9 
S5780 ; T1402 ; D4953 - 1 

0 . 74 
0 . 84 
0 . 85 
0 . 89 
0 . 91 
0 . 90 

6 . 99 
7 . 09 
6 . 91 
7 . 26 
7 . 20 

31 . 04 
4 7 . 90 
47 . 54 
47 . 54 
46 . 67 
46 . 37 

50 . 75 
33 . 26 
33 . 64 
33 . 36 
33 . 52 
33 . 86 

5 . 96 
7 . 58 
7 . 46 
7 . 56 
7 . 90 
7 . 91 

0 . 81 
0 . 65 
0 . 66 
0 . 71 
0 . 70 
0 . 72 

2 . 18 

1 . 46 
1 . 42 
1 . 60 
1 . 49 
1 . 54 

Table 17 provides primary 3 - day Fatty acid profiles of 
representative 55780 strains transformed with D4953 65 
( pSZ6004 ) . PSZ6004 expresses GarmFATA1 ( G96A , 
S111A , V193A ) mutant driven by PmSAD2 - 2 . 
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TABLE 18 
38 

Fatty acid profile 

Sample ID C14 : 0 C16 : 0 C18 : 0 C18 : 1 C18 : 2 C18 : 30 C20 : 0 
8 . 24 
7 . 10 
6 . 76 

S5780 
S5780 ; T1402 ; D4934 - 20 
S5780 ; T1402 ; D4934 - 15 
S5780 ; T1402 ; D4934 - 24 
S5780 ; T1402 ; D4934 - 14 
S5780 ; T1402 ; D4934 - 16 
S5780 ; T1395 ; D4982 - 1 
S5780 ; T1395 ; D4982 - 2 

0 . 78 
0 . 84 
0 . 78 
1 . 03 
0 . 77 
0 . 75 
0 . 00 
0 . 03 

10 . 69 
6 . 83 
6 . 91 
6 . 19 
7 . 02 

30 . 24 
46 . 71 
44 . 01 
39 . 82 
38 . 68 
35 . 57 
39 . 51 
35 . 52 

50 . 34 
34 . 60 
38 . 09 
33 . 95 
43 . 31 
46 . 50 
41 . 35 
46 . 24 

0 . 00 
7 . 34 
6 . 88 

11 . 12 
6 . 51 
6 . 20 
8 . 23 
6 . 59 

0 . 79 
0 . 65 
0 . 65 
0 . 71 
0 . 71 
0 . 71 
0 . 78 
0 . 81 

2 . 23 
1 . 47 
1 . 59 
1 . 36 
1 . 88 
1 . 92 
1 . 92 
1 . 89 

Table 18 provides primary 3 - day Fatty acid profiles of 15 
representative 55780 strains transformed with D4934 
( pSZ5985 ) and D4982 ( PSZ6022 ) . PSZ5985 and pSZ6022 
express GarmFATA1 ( G108A , S111A , V193A ) mutant 
driven by PmSAD2 - 2 and PmACP - P1 respectively . 

TABLE 19 
Fatty acid profile 

Sample ID C14 : 0 C16 : 0 C18 : 0 C18 : 1 C18 : 2 C18 : 3 a C20 : 0 

S5780 
S5780 ; T1402 ; D4949 - 2 
S5780 ; T1402 ; D4949 - 13 
S5780 ; T1402 ; D4949 - 7 
S5780 ; T1402 ; D4949 - 8 
S5780 ; T1402 ; D4949 - 3 

0 . 70 
0 . 62 
0 . 66 
0 . 64 
0 . 64 
0 . 64 

6 . 98 
4 . 54 
4 . 57 
4 . 61 
4 . 62 
4 . 88 

30 . 82 
46 . 07 
45 . 33 
45 . 02 
44 . 87 
44 . 18 

51 . 28 
38 . 20 
38 . 42 
39 . 06 
39 . 16 
39 . 83 

5 . 80 
7 . 44 
7 . 85 
7 . 55 
7 . 51 
7 . 18 

0 . 77 
0 . 63 
0 . 68 
0 . 64 
0 . 67 
0 . 65 

2 . 27 
1 . 46 
1 . 50 
1 . 50 
1 . 54 
1 . 56 

Table 19 provides primary 3 - day Fatty acid profiles of 
representative 55780 strains transformed with D4949 
( pSZ5987 ) . PS25985 expresses GarmFATAI ( G96A , 
G108A , S111A , V193A ) mutant driven by PmSAD2 - 2 . 

It is understood that the examples and embodiments 
described herein are for illustrative purposes only and that 

various modifications or changes in light thereof will be 
suggested to persons skilled in the art and are to be included 
within the spirit and purview of this application and scope of 

35 the appended claims . All publications , patents , and patent 
applications cited herein are hereby incorporated by refer 
ence in their entirety for all purposes . 

INFORMAL SEQUENCE LISTING 

Wildtype Cuphea hookeriana FATB2 ( " ChFATB2 " ) amino acid sequence 
SEQ ID No . 1 

MVAAAASSAFFPVPAPGASPKPGKFGNWPSSLSPSFKPKSIPNGGFQVKANDSAHPKANGSAVSLKSGSL 
NTQEDTSSSPPPRTFLHOLPDWSRLLTAITTVFVKSKRPDMHDRKS KRPDMLVDSFGLESTVODGLVFRQ 
SFSIRSYEIGTDRTASIETLMNHLOETSLNHCKSTGILLDGFGRTLEMCKRDLIWVVIKM?IKVNRYPAW 

INTRFSRLGKIGMGRDWLISDCNTGEILVRATSAYAMMNOKTRRLSKLPYEVHOEIVPLFVDSPV 
WNDLDVNOHVSNV KYI GWILESMPTEVLETOELCSLALEYRREC 

GRDSVLESVTAMDPSKVGVRSQYQHLLRLEDGTAIVNGATEWRPKNAGANGAISTGKTSNGNSVS 

Cuphea hookeriana C8 / C10 specific FATB2 CDS 
SEO ID NO : 2 

CTGGATACCATTTTCCCTGCGAAAAAACATGGTGGCTGCTGCAGCAAGTTCCGCATTCTTCCCTGTTCCA 
GCCCCGGGAGCCTCCCCTAAACCCGGGAAGTTCGGAAATTGGCCCTCGAGCTTGAGCCCTTCCTTCAAGC 
CCAAGTCAATCCCCAATGGCGGATTTCAGGTTAAGGCAAATGACAGCGCCCATCCAAAGGCTAACGGTTC 
TGCAGTTAGTCTAAAGTCTGGCAGCCTCAACACTCAGGAGGACACTTCGTCGTCCCCTCCTCCTCGGACT 
TTCCTTCACCAGTTGCCTGATTGGAGTAGGCTTCTGACTGCAATCACGACCGTGTTCGTGAAATSTAAGA 
GGCCTGACATGCATGATCGGAAATCCAAGAGGCCTGACATGCTGGTGGACTCGTTTGGGTTGGAGAGTAC 
TGTTCAGGATGGGCTCGTGTTCCGACAGAGTTTTTCGATTAGGTCTTATGAAATAGGCACTGATCGAACG 
GCCTCTATAGAGACACTTATGAACCACTTGCAGGAAACATCTCTCAATCATTGTAAGAGTACCGGTATTC 
TCCTTGACGGCTTCGGTCGTACTCTTGAGATGTGTAAAAGGGACCTCATTTGGGTGGTAATAAAAATGCA 
GATCAAGGTGAATCGCTATCCAGCTTGGGGCGATACTGTCGAGATCAATACCCGGTTCTCCCGGTTGGGG 
AAAATCGGTATGGGTCGCGATTGGCTAATAAGTGATTGCAACACAGGAGAAATTCTTGTAAGAGCTACGA 
GCGCGTATGCCATGATGAATCAAAAGACGAGAAGACTCTCAAAACTTCCATACGAGGTTCACCAGGAGAT 
AGTGCCTCTTTTTGTCGACTCTCCTGTCATTGAAGACAGTGATCTGAAAGTGCATAAGTTTAAAGTGAAG 
ACTGGTGATTCCATTCAAAAGGGTCTAACTCCGGGGTGGAATGACTTGGATGTCAATCAGCACGTAAGCA 
ACGTGAAGTACATTGGGTGGATTCTCGAGAGTATGCCAACAGAAGTTTTGGAGACCCAGGAGCTATGCTC 
TCTCGCCCTTGAATATAGGCGGGAATGCGGAAGGGACAGTGTGCTGGAGTCCGTGACCGCTATGGATCCC 
TCAAAAGTTGGAGTCCGTTCTCAGTACCAGCACCTTCTGCGGCTTGAGGATGGGACTGCTATCGTGAACG 
GTGCAACTGAGTGGCGGCCGAAGAATGCAGGAGCTAACGGGGCGATATCAACGGGAAAACTTCAAATGG 
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- continued 

INFORMAL SEQUENCE LISTING 

AAACTCGGTCTCTTAGAAGTGTCTCGGAACCCTTCCGAGATGTGCATTTCTTTTCTCCTTTTCATTTTGT 
GGTGAGCTGAAAGAAGAGCATGTCGTTGCAATCAGTAAATTGTGTAGTTCGTTTTTCGCTTTGCTTCGCT 
CCTTTGTATAATAATATGGTCAGTCGTCTTTGTATCATTTCATGTTTTCAGTTTATTTACGCCATATAAT 
???? 

Amino acid sequence of Ch FATB2 - D3570 , PSZ4689 - the algal transit 
peptide is underlined , the FLAG epitope tag is bolded and the P186 
residue is lower - case bold 

SEQ ID NO : 3 
MATASTESAFNARCGDLRRSAGSGPRRPARPLPVRGRASSLSPSFKPKSIPNGGFQVKANDSAHPKA 
NGSAVSLKSGSLNTOEDTSSSPPPRTFLHOLPDWSRLLTAITTVFVKSKRPDMHDRKSKRPDMLVDS 
FGLESTVODGLVFROSFSIRSYEIGTDRTASIETLMNHLOETSLNHCKSTGILLDGFGRTpEMCKRD 
LIWVVIKMQIKVNRYPAWGDTVEINTRFSRLGKIGMGRDWLISDCNTGEILVRATSAYAMMNOKTRR 
LSKLPYEVHQEIVPLFVDSPVIEDSDLKVHKFKVKTGDSIQKGLTPGWNDLDVNQHVSNVKYIGWIL 
ESMPTEVLETOELCSLALEYRRECGRDSVLESVTAMDPSKVGVRSOYOHLLRLEDGTAIVNGATEWR 
PKNAGANGAISTGKTSNGNSVSMDYKDHDGDYKDHDIDYKDDDDK * 

Amino acid sequence of Ch FATB2 - D3573 , PS24692 - the algal transit 
peptide is underlined , the FLAG epitope tag is bolded and the K186 
residue is lower - case bold 

SEQ ID NO : 4 
MATASTESAFNARCGDLRRSAGSGPRRPARPLPVRGRASSLSPSFKPKSIPNGGFQVKANDSAHPKA 
NGSAVSLKSGSLNTOEDTSSSPPPRTFLHOLPDWSRLLTAITTVFVKSKRPDMHDRKSKRPDMLVDS 
FGLESTVODGLVFROSFSIRSYEIGTDRTASIETLMNHLQETSLNHCKSTGILLDGFGRTKEMCKRD 
LIWVVIKMOIKVNRYPAWGDTVEINTRFSRLGKI GMGRDWLISDCNTGEILVRATSAYAMMNOKTRR 
LSKLPYEVHQEIVPLFVDSPVIEDSDLKVHKFKVKTGDSIQKGLTPGWNDLDVNQHVSNVKYIGWIL 
ESMPTEVLETQELCSLALEYRRECGRDSVLESVTAMDPSKVGVRSQYQHLLRLEDGTAIVNGATEWR 
PKNAGANGAISIGKISNGNSVSMDYKDHDGDYKDHDIDYKDDDDK + 

Amino acid sequence of Ch FATB2 - D3582 , psz4702 - the algal transit 
peptide is underlined , the FLAG epitope tag is bolded and the A186 
residue is lower - case bold 

SEQ ID NO : 5 
MATASTESAFNARCGDLRRSAGSGPRRPARPLPVRGRASSLSPSFKPKSIPNGGFOVKANDSAHPKA 
NGSAVSLKSGSLNTQEDTSSSPPPRTFLHOLPDWSRLLTAITTVFVKSKRPDMHDRKSKRPDMLVDS 
FGLESTVQDGLVFRQSFSIRSYEIGTDRTASIETLMNHLQETSLNHCKSTGILLDGFGRT EMCKRD 
LIWVVIKMQIKVNRYPAWGDTVEINTRFSRLGKIGMGRDWLISDCNTGEILVRATSAYAMMNOKTRR 
LSKLPYEVHQEIVPLFVDSPVIEDSDLKVHKFKVKTGDSIQKGLTPGWNDLDVNQHVSNVKYIGWIL 
ESMPTEVLETQELCSLALEYRRECGRDSVLESVTAMDPSKVGVRSQYQHLLRLEDGTAIVNGATEWR 
PKNAGANGAISIGKTSNGNSVSMDYKDHDGDYKDHDIDYKDDDDK * 

Amino acid sequence of Ch FATB2 - D3584 , psz4704 - the algal transit 
peptide is underlined , the FLAG epitope tag is bolded and the Y163 
residue is lower - case bold 

SEQ ID NO : 6 
MATASTESAFNARCGDLRRSAGSGPRRPARPLPVRGRASSLSPSFKPKSIPNGGFQVKANDSAHPKA 
NGSAVSLKSGSLNTOEDTSSSPPPRTFLHOLPDWSRLLTAITTVFVKSKRPDMHDRKSKRPDMLVDS 
FGLESTVODGLVFROSFSIRSYEIGTDRTASIETLMNYLOETSLNHCKSTGILLDGFGRTLEMCKRD 
LIWVVIKMQI KVNRYPAWGDTVEINTRFSRLGKIGMGRDWLISDCNTGEILVRATSAYAMMNOKTRR 
LSKLPYEVHQEIVPLFVDSPVIEDSDLKVHKFKVKTGDSIQKGLTPGWNDLDVNQHVSNVKYIGWIL 
ESMP TEVLETOELCSLALEYRRECGRDSVLESVTAMDPSKVGVRSOYOHLLRLEDGTAIVNGATEWR 
PKNAGANGAISIGKISNGNSVSMDYKDHDGDYKDHDIDYKDDDDK + 

Amino acid sequence of Ch FATB2 - D3588 , psz4709 - the algal transit 
peptide is underlined , the FLAG epitope tag is bolded and the F163 
residue is lower - case bold 

SEQ ID NO : 7 
MATASTESAFNARCGDLRRSAGSGPRRPARPLPVRGRASSLSPSFKPKSIPNGGFQVKANDSAHPKA 
NGSAVSLKSGSLNTOEDTSSSPPPRTFLHOLPDWSRLLTAITTVFVKSKRPDMHDRKSKRPDMLVDS 
FGLESTVODGLVFROSFSIRSYEIGTDRTASIETLMNELOETSLNHCKSTGILLDGFGRTLEMCKRD 
LIWVVIKMQIKVNRYPAWGDTVEINTRFSRLGKIGMGRDWLISDCNTGEILVRATSAYAMMNOKTRR 
LSKLPYEVHOEIVPLFVDSPVIEDSDLKVHKF KVKTGDSIOKGLTPGWNDLDVNOHVSNVKYIGWIL 
ESMPTEVLETQELCSLALEYRRECGRDSVLESVTAMDPSKVGVRSQYQHLLRLEDGTAIVNGATEWR 
PKNAGANGAISIGKISNGNSVSMDYKDHDGDYKDHDIDYKDDDDK * 

Amino acid sequence of the wild - type Ch FATB2 - D3598 , psz4243 - the 
algal transit peptide is underlined , the FLAG epitope tag is bolded 
and the H163 and 1186 residues are lower - case bold 

SEO ID NO : 8 
MATASTESAFNARCGDLRRSAGSGPRRPARPLPVRGRASSLSPSFKPKSIPNGGFQVKANDSAHPKA 
NGSAVSLKSGSLNTOEDTSSSPPPRTFLHOLPDWSRLLTAITTVFVKSKRPDMHDRKSKRPDMLVDS 
FGLESTVQDGLVFRQSFSIRSYEIGTDRTASIETLMNhLQETSLNHCKSTGILLDGFGRTLEMCKRD 
LIWVVIKMQIKVNRYPAWGDTVEINTRFSRLGKIGMGRDWLISDCNTGEILVRATSAYAMMNOKTRR 
LSKLPYEVHOEIVPLFVDSPVIEDSDLKVHKFKVKTGDSIOKGLTPGWNDLDVNOHVSNVKYIGWIL 
ESMPTEVLETQELCSLALEYRRECGRDSVLESVTAMDPSKVGVRSQYQHLLRLEDGTAIVNGATEWR 
PKNAGANGAISIGKISNGNSVSMDYKDHDGDYKDHDIDYKDDDDK * 
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- continued 

INFORMAL SEQUENCE LISTING 
Nucleotide sequence of the ChFATB2 expression screening vector , 
using ps24243 as an example . The 5 ' and 3 ' homology arms enabling 
targeted integration into the Thi4 locus are noted with lowercase ; 
the CrTUB2 promoter is noted in uppercase italic which drives 
xpression of the Neomycin resistance gene noted with lowercase 
italic followed by the PmPGH 3 ' UTR terminator highlighted in 
uppercase . The PmUAPA1 promoter ( noted in bold text ) drives the 
expression of the codon optimized ChFATB2 ( noted with lowercase 
bold text ) and is terminated with the CVNR 3 ' UTR noted in 
underlined , lower case bold . Restriction cloning sites and spacer 
DNA fragments are noted as underlined , uppercase plain lettering . 

SEQ ID NO : 9 
ccctcaactgegacgctgggaaccttctccgggcaggcgatgtgcgtgggtttgcctccttggcacg 
gctctacaccgtcgagtacgccatgaggcggtgatggctgtgtcggttgccacttcgtccagagacg 
gcaagtcgtccatcctctgcgtgtgtggcgcgacgctgcagcagtccctctgcagcagatgagcgtg 
actttggccatttcacgcactcgagtgtacacaatccatttttcttaaagcaaatgactgctgattg 
accagatactgtaacgctgatttcgctccagatcgcacagatagcgaccatgttgctgcgtctgaaa 
atctggattccgaattcgaccctggcgctccatccatgcaacagatggcgacacttgttacaattoo 
tgtcacccatcggcatggagcaggtccacttagattcccgatcacccacgcacatctcgctaatagt 
cattcgttcgtgtcttcgatcaatctcaagtgagtgtgcatggatcttggttgacgatgcggtatgg 
gtttgcgccgctggctgcagggtctgcccaaggcaagctaacccagctcctctccccgacaatacto 
tcgcaggcaaagccggtcacttgccttccagattgccaataaactcaattatggcctctgtcatgcc 
atccatgggtctgatgaatggtcacgctcgtgtcctgaccgttccccagcctctggcgtcccctgcc 
ccgcccaccagoccacgccgcgcggcagtcgctgccaaggctgtctcggaGTACCCTTTCTTGCGC 
TATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGCATGCAACACCGA 
TGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCTCCGATGCCGCTCCAGGGCGAGC 
GCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGACATTATAGCGAGCTACCAAAGCCATATTCAAAC 
ACCTAGATCACTACCACTTCTACACAGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCC 
TCTTCCTCTTCGTTTCAGTCACAACCCGCAAACTCTAGAATAT CAatgategagcaggacggcctcc 
acgccggctcccccgccgcctgggtggagcgcctgtteggctacgactgggcccagcagaccatcgg 
ctgctccgacgccgccgtgttccgcctgtccgcccagggccgccccgtgctgttogtgaagaccgac 
ctgtccggcgccctgaacgagctgcaggacgaggccgcccgcctgtcctggctggccaccaccggcg 
tgccctgcgccgccgtgctggacgtggtgaccgaggccggccgcgactggctgctgctgggcgaggt 
goccggccaggacctgctgtcctcccacctggcccccgccgagaaggtgtccatcatggccgacgcc 
atgcgccgcctgcacaccctggaccccgccacctgccccttcgaccaccaggccaagcaccgcatcg 
agcgcgcccgcacccgcatggaggccggcctggtggaccaggacgacctggacgaggagcaccaggg 
cctggcccccgccgagctgttcgcccgcctgaaggcccgcatgoccgacggcgaggacctggtggtg 
acccacggcgacgcctgcctgcccaacatcatggtggagaacggccgcttctccggettcatcgact 
goggccgcctgggcgtggccgaccgctaccaggacatcgccctggccacccgcgacatcgccgagga 
gctgggcggcgagtgggccgacogettcctggtgctgtacggcatcgccgcccccgactoccagog 
atcgccttctaccgcctgctgga cgagttcttctgaCAATTGACGCCCGCGCGGCGCACCTGACCTG 
TTCTCTCGAGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCATGCGTGCATGATCGTCTCT 
GGCGCCCCGCCGCGCGGTTTGTCGCCCTCGCGGGCGCCGCGGCCGCGGGGGCGCATTGAAATTGTTG 
CAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAGGCGTTGAGATGGAGGTACAGGAGTCAAGT 
AACTGAAAGTTTTTATGATAACTAACAACAAAGGGTCGTTTCTGGCCAGCGAATGACAAGAACAAGA 
TTCCACATTICCGTGTAGAGGCTTGCCATCGAATGTGAGCGGGCGGGCCGCGGACCCGACAAAACCC 
TTACGACGTGGTAAGAAAAACGTGGCGGGCACTGTCCCTGTAGCCTGAAGACCAGCAGGAGACGATC 
GGAAGCATCACAGCACAGGATCCCGCGTCTCGAACAGAGCGCGCAGAGGAACGCTGAAGGTCTCGCC 
TCTGTCGCACCTCAGCGCGGCATACACCACAATAACCACCTGACGAATGCGCTTGGTTCTTCGTCCA 
TTAGCGAAGCGTCCGGTTCACACACGTGCCACGTTGGCGAGGTGGCAGGTGACAATGATCGGTGGAG 
CTGATGGTCGAAACGTTCACAGCCTAGGGATATCATAGCGACTGCTACCCCCCGACCATGTGCCGAG 
GCAGAAATTATATACAAGAAGCAGATCGCAATTAGGCACATCGCTTTGCATTATCCACACACTATTC 
ATCGCTGCTGCGGCAAGGCTGCAGAGTGTATTTTTGTGGCCCAGGAGCTGAGTCCGAAGTCGACGCG 
ACGAGCGGCGCAGGATCCGACCCCTAGACGAGCACTGTCATTTTCCAAGCACGCAGCTAAATGCGCT 
GAGACCGGGTCTAAATCATCCGAAAAGTGTCAAAATGGCCGATTGGGTTCGCCTAGGACAATGCGCT 
GCGGATTCGCTCGAGTCCGCTGCCGGCCAAAAGGCGGTGGTACAGGAAGGCGCACGGGGCCAACCCT 
GCGAAGCCGGGGGCCCGAACGCCGACCGCCGGCCTTCGATCTCGGGTGTCCCCCTCGTCAATTTCCT 
CTCTCGGGTGCAGCCACGAAAGTCGTGACGCAGGTCACGAAATCCGGTTACGAAAAACGCAGGTCTT 
CGCAAAAACGTGAGGGTTTCGCGTCTCGCCCTAGCTATTCGTATCGCCGGGTCAGACCCACGTGCAG 
AAAAGCCCTTGAATAACCCGGGACCGTGGTTACCGCGCCGCCTGCACCAGGGGGCTTATATAAGCCC 
ACACCACACCTGTCTCACCACGCATTTCTCCAACTCGCGACTTTTCGGAAGAAATTGTTATCCACCT 
AGTATAGACTGCCACCTGCAGGACCTTGTGTCTTGCAGTTTGTATTGGTCCCGGCCGTCGAGCACGA 
CAGATCTGGGCTAGGGTTGGCCTGGCCGCTCGGCACTCCCCTTTAGCCGCGCGCATCCGCGTTCCAG 
AGGTGCGATTCGGTGTGTGGAGCATTGTCATGCGCTTGTGGGGGTCGTTCCGTGCGCGGCGGGTCCG 
CCATGGGCGCCGACCTGGGCCCTAGGGTTTGTTTTCGGGCCAAGCGAGCCCCTCTCACCTCGTCGCC 
CCCCCGCATTCCCTCTCTCTTGCAGCCACTAGTAACAatggccaccgcatccactttctcggcgttc 
aatgcccgctgcggcgacctgcgtcgctcggcgggctccgggccccggcgcccagcgaggcccctcc 
ccgtgcgcgggcgcgcctccagcctgagcccctccttcaagcccaagtccatccccaacggcggett 
ccaggtga aggccaacgacagcgcccaccccaaggccaacggctccgccgtgagcctgaagagcggc 
agcctgaacacccaggaggacacctcctccagcccccccccccgcaccttcctgcaccagctgcccg 
actggagccgcctgctgaccgccatcaccaccgtgttegtgaagtccaagcgccccgacatgcacga 
ccgcaagtccaagcgccccgacatgctggtggacagetteggcctggagtccaccgtgcaggacggc 
ctggtgttccgccagtccttctccatccgctcctacgagatcggcaccgaccgcaccgccagcatcg 
agaccctgatga accacctgcaggagacctccctgaaccactgcaagagcaccggcatcctgctgga 
cggcttcggccgcaccctggagatgtgcaagcgcgacctgatctgggtggtgatcaagatgcagatc 
aaggtgaaccgctaccccgcctggggcgacaccgtggagatcaacacccgcttcagccgcctgggca 
agatcggcatgggccgcgactggctgatctccgactgcaacaccggcgagatcctggtgcgcgccac 
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cagcgcctacgccatgatgaaccagaagacccgccgcctgtccaagctgccctacgaggtgcaccag 
gagatogtgcccctgttegtggacagccccgtgat - gaggactccgacctgaaggtgcacaagttca 
aggtgaagaccggcgacagcatccagaagggcctgacccccggctggaacgacctggacgtgaacca 
gcacgtgtccaacgtgaagtacatcggctggatcctggagagcatgcccaccgaggtgctggagacc 
caggagctgtgctccctggccctggagtaccgccgcgagtgcggccgcgactccgtgctggagagcg 
tgaccgccatggaccccagcaaggtgggcgtgcgctcccagtaccagcacctgctgcgcctggagga 
cggcaccgccatcgtgaacggcgccaccgagtggcgccccaagaacgccggcgccaacggcgccato 
tccaccggcaagaccagcaacggcaactccgtgtccatggactacaaggaccacgacggcgactaca 
aggaccacgacatcgactacaaggacgacgacgacaagtgaCTCGAGgcagcagcagctoggatagt 
atcgacacactctggacgctggtcgtgtgatggactgttgccgccacacttgctgccttgacctgtg 
aatatccctgccgcttttatcaaacagcctcagtgtgtttgatcttgtgtgtacgcgcttttgcgag 
ttqctaqctqcttqtqctatttqcqaataccacccccagcatccccttccctcatttcatatcqctt 
gcatcccaaccgcaacttatttacgctgtcctgctatccctcagcgctgctcctgctcctgctcact 
gcccctcgcacagccttggtttgggctccgcctgtattctcctggtactgcaacctgtaaaccagca 
ctgcaatgctgatgcacgggaagtagtgggatgqqaacacaaatgqaAAGCTGTATAGGGATAACAG 
GGTAATGAGCTCcagcgccatgccacgccctttgatggcttcaagtacgattacggtgttggattgt 
gtgtttgttgcgtagtgtgcatggtttagaataatacacttgatttcttgctcacggcaatctcggc 
ttgtccgcaggttcaaccccatttcggagtctcaggtcagccgcgcaatgaccagccgctacttcaa 
ggacttgcacgacaacgccgaggtgagctatgtttaggacttgattggaaattgtcgtcgacgcata 
ttcgcgctccgcgacagcacccaagcaaaatgtcaagtgcgttccgatttgcgtccgcaggtcgatg 
ttgtgatcgtcggcgccggatccgccggtctgtcctgcgcttacgagctgaccaagcaccctgacgt 
ccgggtacgcgagctgagattcgattagacataaattgaagattaaacccgtagaaaaatttgatgg 
tcgcgaaactgtgctcgattgcaagaaattgatcgtcctccactccgcaggtcgccatcatcgagca 
gggcgttgctcccggcggcggcgcctggctggggggacagctgttctcggccatgtgtgtacgtaga 
aggatgaatttcagctggttttcgttgcacagctgtttgtgcatgatttgtttcagactattgttga 
atgtttttagatttcttaggatgcatgatttgtctgcatgcgact 

Amino acid sequence of the wild - type Cpal FATB1 ( D3004 , pS24241 ) . 
The algal transit peptide is underlined , the FLAG epitope tag is 
bolded and the M230 residue is lower - case bold . 

SEO ID NO : 10 
MATASTESAFNARCGDLRRSAGSGPRRPARPLPVRGRASSSLSPSLKPKSIPNGGFQVKANASAHPK 
ANGSAVTLKSGSLNTOEDTLSSSPPPRAFFNOLPDWSMLLTAITTVFVAPEKRWTMFDRKSKRPNML 
MDSFGLERVVODGLVEROSFSIRSYEI CADRTASIETVMNHVOETSLNOCKSIGLLDDGFGRSPEMC 
KRDLIWVVIRMKIMVNRYPTWGDTIEVSTWLSQSGKIGMGRDWLISDCNTGEILVRATSVYAMMNOK 
TRRFSKLPHEVRQEFAPHFLDSPPAIEDNDGKLOKFDVKTGDSIRKGLTPGWYDLDVNQHVSNVKYI 
GWILESMPTEVLETQELCSLTLEYRRECGRDSVLESVTSMDPSKVGDRFQYRHLLRLEDGADIMKGR 
TEWRPKNAGINGAISTGKTMDYKDEDGDYKDEDIDYKDDDDK 

Amino acid sequence of the wild - type Chook FATB2 ( D3042 , psz4243 ) . 
The algal transit peptide is underlined , the FLAG epitope tag is 
bolded and the M228 residue is lower - case bold . 

SEQ ID NO : 11 
MATASTESAFNARCGDLRRSAGSGPRRPARPLPVRGRASSLSPSFKPKSIPNGGFQVKANDSAHPKA 
NGSAVSLKSGSLNTQEDTSSSPPPRTFLHQLPDWSRLLTAITTVFVKSKRPDMHDRKSKRPDMLVDS 
FGLESTVODGLVFROSFSIRSYEIGTDRTASIETLMNHLOETSLNHCKSTGILLDGFGRTLEMCKRD 
LIWVVIKMOI KVNRYPAWGDTVEINTRFSRLGKI GmGRDWLISDCNTGEILVRATSAYAMMNOKTRR 
LSKLPYEVHOEIVPLFVDSPVIEDSDLKVHKFKVKTGDSIOKGLTPGWNDLDVNOHVSNVKYIGWIL 
ESMPTEVLETQELCSLALEYRRECGRDSVLESVTAMDPSKVGVRSQYQHLLRLEDGTAIVNGATEWR 
PKNAGANGAISTGKISNGNSV SMDYKDEDGDY KDEDIDYKDDDDK 

Amino acid sequence of the wild - type Ca FATB1 ( D3456 , psz4532 ) . The 
algal transit peptide is underlined , the FLAG epitope tag is bolded 
and the K228 residue is lower - case bold . 

SEO ID NO : 12 
MATASTFSAFNARCGDLRRSAGSGPRRPARPLPVRAAINSRAHPKANGSAVSLKSGSLNTQEDTSSS 
PPPRTFLHOLPDWSRLLTAITTVFVKSKRPDMHDRKSKRPDMLMDSFGLESIVQEGLEFROSFSIRS 
YEIGTDRTASIETLMNYLQETSLNHCKSTGILLDGFGRTPEMCKRDLIWWVTKMKIKVNRYPAWGDT 
VEINTWFSRLGKIGKGRDWLISDCNTGEILIRATSAYATMNOKTRRLSKLPYEVHOEIAPLEVDSPP 
VIEDNDLKLHKFEVKTGDSIHKGLTPGWNDLDVNOHVSNVKYIGWILESMPTEVLETOELCSLALEY 
RRECGRDSVLESVTAMDPTKVGGRSQYQHLLRLEDGTDIVKCRTEWRPKNPGANGAISTGKTSNGNS 
VSMDYKDEDGDYKDEDIDYKDDDDK 

Amino acid sequence of Cuphea palustris FATB1 
SEQ ID NO : 13 

MVAAAASSACFPVPSPGASPKPGKLGNWSSSLSPSLKPKSIPNGGFQVKANASAHPKANG 
SAVILKSGSLNIOEDILSSSPPPRAFFNOLPDWSMLLTAITIVEVAPEKRWTMFDRKSKR 
PNMLMDSFGLERVVODGLVFROSFSIRSYEICADRTASIETVMNHVOETSLNOCKSIGLL 
DDGFGRSPEMCKRDLIWVVTRMKIMVNRYPTWGDTIEVSTWLSQSGKIGMGRDWLISDCN 

AMMNOKTRRFSKLPHEVROEFAPHFLDSPPAIEDNDGKLOKFDVKTGD 
SIRKGLTPGWYDLDVNOHV SNVKYIGWILESMPTEVLETOELCSLTLEYRRECGRDSVLE 
SVTSMDPSKVGDRFQYRHLLRLEDGADIMKGRTEWRPKNAGTNGAISTGKT 

Amino acid sequence of Cuphea avigera FATB1 
SEQ ID NO : 14 

MVAAAASSAFFSVPVPGTSPKPGKFRIWPSSLSPSFKPKPIPNGGLOVKANSRAHPKANG 
SAVSLKSGSLNTQEDTSSSPPPRTFLHQLPDWSRLLTAITTVFVKSKRPDMHDRKS KRPD 
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MLMDSFGLESIVQEGLEFROSFSIRSYEIGTDRTASIETLMNYLQETSLNHCKSTGILLD 
GFGRTPEMCKRDLIWVVTKMKIKVNRYPAWGDTVEINTWFSRLGKIGKGRDWLISDCNTG 
EILIRATSAYATMNOKTRRLSKLPYEVHOEIAPLFVDSPPVIEDNDLKLHKFEVKTGDSI 
HKGLTPGWNDLDVNOHVSNVKYIGWILESMPTEVLETOELCSLALEYRRECGRDSVLESV 
TAMDPTKVGGRSQYQHLLRLEDGTDIVKCRTEWRPKNPGANGAISTGKTSNGNSVS 

Amino acid sequence of Gm FATA wild - type parental gene ; D3997 , 
pS25083 . The algal transit peptide is underlined and the FLAG 
epitope tag is uppercase bold 

SEO ID NO : 15 
MATASTFSAFNARCGDLRRSAGSGPRRPARPLPVRGRAIPPRIIVVSSSSSKVNPLKTEAVVSSGLA 
DRLRLGSLTEDGLSYKEKFIVRCYEVGINKTATVETIANLLQEVGCNHAQSVGYSTGGFSTTPTMRK 
LRLIWVTARMHI ETYKYPAWSDVVEIESWGQGEGKIGTRRDWILRDYATGQVIGRATSKWVMMNQDT 
RRLQKVDVDVRDEYLVHCPRELRLAFPEENNSSLKKISKLEDPSQYSKLGLVPRRADLDMNQHVNNV 
TYIGWVLESMPOEIIDTHELOTITLDYRRECOHDDVVDSLTSPEPSEDAEAVFNHNGTNGSANVSAN 
DHGCRNFLHLLRLSGNGLEINRGRI EWRKKPIRMDYKDHDGDYKDHDIDYKDDDDK 

Amino acid sequence of Gm FATA S111A , V193A mutant gene ; D3998 , 
pSZ5084 . The algal transit peptide is underlined , the FLAG epitope 
tag is uppercase bold and the S111A , V193A residues are lower - case 
bold . 

SEQ ID NO : 16 
MATASTFSAFNARCGDLRRSAGSGPRRPARPLPVRGRAIPPRIIVVSSSSSKVNPLKTEAVSSGLA 
DRLRLGSLTEDGLSYKEKFIVRCYEVGINKTATVETIANLLQEVGCNHAQSVGYSTGGFaTTPTMRK 
LRLIWVTARMHI ETYKYPAWSDVVEIESWGOGEGKIGTRRDWILRDYATGOVIGRATSKWVMMNODT 
RRLQKVDaDVRDEYLVHCPRELRLAPPEENNSSLKKISKLEDPSQYSKLGLVPRRADLDMNQHVNNV 
TYIGWVLESMPQELIDTHELQTITLDYRRECQHDDVVDSLTSPEPSEDAEAVFNHNGTNGSANVSAN 
DHGCRNFLHLLRLSGNGLEINRGRIEWRKKPIRMDYKDHDGDYKDHDIDYKDDDDK 

Amino acid sequence of Gm FATA S111v , V193A mutant gene ; D3999 , 
pSZ5085 . The algal transit peptide is underlined , the FLAG epitope 
tag is uppercase bold and the S111v , V193A residues are lower - case 
bold . 

SEQ ID NO : 17 
MATASTFSAFNARCGDLRRSAGSGPRRPARPLPVRGRAIPPRIIVVSSSSSKVNPLKTEAVVSSGLA 
DRLRLGSLTEDGLSYKEKFIVRCYEVGINKTATVETIANLLOEVGCNHAOSVGYSIGGFvTIPTMRK 
LRLIWVTARMHI ETYKYPAWSDVVEIESWGQGEGKIGTRRDWILRDYATGQVIGRATSKWVMMNQDT 
RRLQKVDaDVRDEYLVHCPRELRLAFPEENNSSLKKISKLEDPSQYSKLGLVPRRADLDMNQHVNNV 
TYIGWVLESMPQELIDTHELQTITLDYRRECQHDDVVDSLTSPEPSEDAEAVFNHNGTNGSANVSAN 
DHGCRNFLHLLRLSGNGLEINRGRTEWRKKPTRMDYKDHDGDYKDHDIDYKDDDDK 

Amino acid sequence of Gm FATA G96A mutant gene ; 
D4000 , psz5086 . The algal transit peptide is underlined , the FLAG 
epitope tag is uppercase bold and the G96A residue is lower - case 
bold . 

SEQ ID NO : 18 
MATASTFSAFNARCGDLRRSAGSGPRRPARPLPVRGRAIPPRIIVVSSSSSKVNPLKTEAVSSGLA 
DRLRLGSLTEDGLSYKEKFIVRCYEVGINKTATVETIANLLQEVa CNHAQSVGYSTGGFSTTPTMRK 
LRLIWVTARMHIETYKYPAWSDVVEIESWGQGEGKIGTRRDWILRDYATGOVIGRATSKWVMMNQDT 
RRLQKVDVDVRDEYLVHCPRELRLAFPEENNSSLKKISKLEDPSQYSKLGLVPRRADLDMNQHVNNV 
TYIGWVLESMPOEIIDTHELOTITLDYRRECOHDDVVDSLTSPEPSEDAEAVFNHNGTNGSANVSAN 
DHGCRNFLHLLRLSGNGLEINRGRIEWRKKPIRMDYKDHDGDYKDHDIDYKDDDDK . 

Amino acid sequence of Gm FATA G96T mutant gene ; 
D4001 , ps25087 . The algal transit peptide is underlined , the FLAG 
epitope tag is uppercase bold and the G96T residue is lower - case 
bold . 

SEQ ID NO : 19 
MATASTFSAFNARCGDLRRSAGSGPRRPARPLPVRGRAIPPRIIVVSSSSSKVNPLKTEAVVSSGLA 
DRLRLGSLTEDGLSYKEKFIVRCYEVGINKTATVETIANLLQEVECNHAQSVGYSTGGFSTTPTMRK 
LRLIWVTARMHI ETYKYPAWSDVVEIESWGQGEGKIGTRRDWILRDYATGQVIGRATSKWVMMNQDT 
RRLOKVDVDVRDEYLVHCPRELRLAFPEENNSSLKKISKLEDPSOYSKLGLVPRRADLDMNOHVNNV 
TYIGWVLESMPQELIDTHELQTITLDYRRECQHDDVVDSLTSPEPSEDAEAVFNHNGTNGSANVSAN 
DHGCRNFLHLLRLSGNGLEINRGRIEWRKKPIRMDYKDHDGDYKDHDIDYKDDDDK 

Amino acid sequence of Gm FATA G96V mutant gene ; 
D4002 , PS25088 . The algal transit peptide is underlined , the FLAG 
epitope tag is uppercase bold and the G96V residue is lower - case 
bold . 

SEQ ID NO : 20 
MATASTFSAFNARCGDLRRSAGSGPRRPARPLPVRGRAIPPRIIVVSSSSSKVNPLKTEAVSSGLA 
DRLRLGSLTEDGLSYKEKFIVRCYEVGINKTATVETIANLLQEVVCNHAQSVGYSIGGESTIPTMRK 
LRLIWVTARMHI ETYKYPAWSDVVEIESWGQGEGKIGTRRDWILRDYATGQVIGRATSKWVMMNQDT 
RRLQKVDVDVRDEYLVHCPRELRLAPPEENNSSLKKISKLEDPSQYSKLGLVPRRADLDMNQHVNNV 
TYIGWVLESMPQELIDTHELQTITLDYRRECQHDDVVDSLTSPEPSEDAEAVFNHNGTNGSANVSAN 
DHGCRNFLHLLRLSGNGLEINRGRI EWRKKPIRMDYKDHDGDYKDHDIDYKDDDDK 
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Amino acid sequence of Gm FATA G108A mutant gene ; 
D4003 , PS25089 . The algal transit peptide is underlined , the FLAG 
epitope tag is uppercase bold and the G108A residue is lower - case 
bold . 

SEQ ID NO : 21 
MATASTFSAFNARCGDLRRSAGSGPRRPARPLPVRGRAIPPRIIVVSSSSSKVNPLKTEAVVSSGLA 
DRLRLGSLTEDGLSYKEKFIVRCYEVGINKTATVETIANLLQEVGCNHAQSVGYSTaGFSTTPTMRK 
LRLIWVTARMHI ETYKYPAWSDVVEIESWGQGEGKIGTRRDWILRDYATGQVIGRATSKWVMMNQDT 
RRLQKVDVDVRDEYLVHCPRELRLAFPEENNSSLKKISKLEDPSQYSKLGLVPRRADLDMNQHVNNV 
TYIGWVLESMPOEIIDTHELOTITLDYRRECOHDDVVDSLTSPEPSEDAEAVFNHNGTNGSANVSAN 
DHGCRNFLHLLRLSGNGLEINRGRIEWRKKPIRMDYKDHDGDYKDHDIDYKDDDDK 

Amino acid sequence of Gm FATA L91F mutant gene ; 
D4004 , psz5090 . The algal transit peptide is underlined , the FLAG 
epitope tag is uppercase bold and the L917 residue is lower - case 
bold . 

SEO ID NO : 22 
MATASTFSAFNARCGDLRRSAGSGPRRPARPLPVRGRAIPPRIIVVSSSSSKVNPLKTEAVVSSGLA 
DRLRLGSLTEDGLSYKEKFIVRCYEVGINKTATVETIANELQEVGCNHAQSVGYSTGGFSTTPTMRK 
LRLIWVTARMHIETYKYPAWSDVVEIESWGOGEGKIGTRRDWILRDYATGOVIGRATSKWVMMNODT 
RRLQKVDVDVRDEYLVHCPRELRLAFPEENNSSLKKISKLEDPSQYSKLGLVPRRADLDMNQHVNNV 
TYIGWVLESMPQELIDTHELQTITLDYRRECQHDDVVDSLTSPEPSEDAEAVFNHNGTNGSANVSAN 
DHGCRNFLHLLRLSGNGLEINRGRI EWRKKPIRMDYKDHDGDYKDHDIDYKDDDDK 

Amino acid sequence of Gm FATA L91K mutant gene ; 
D4005 , psz5091 . The algal transit peptide is underlined , the FLAG 
epitope tag is uppercase bold and the L91K residue is lower - case 
bold . 

SEO ID NO : 23 
MATASTFSAFNARCGDLRRSAGSGPRRPARPLPVRGRAIPPRIIVVSSSSSKVNPLKTEAVVSSGLA 
DRLRLGSLTEDGLSYKEKFIVRCYEVGINKTATVETIANKLQEVGCNHAQSVGYSTGGFSTTPTMRK 
LRLIWVTARMHI ETYKYPAWSDVVEIESWGQGEGKIGTRRDWILRDYATGOVIGRATSKWVMMNODT 
RRLQKVDVDVRDEYLVHCPRELRLAFPEENNSSLKKISKLEDPSQYSKLGLVPRRADLDMNQHVNNV 
TYIGWVLESMPOEIIDTHELOTITLDYRRECOHDDVVDSLTSPEPSEDAEAVFNHNGTNGSANVSAN 
DHGCRNFLHLLRLSGNGLEINRGRI EWRKKPIRMDYKDHDGDYKDHDIDYKDDDDK 

Amino acid sequence of Gm FATA L915 mutant gene ; 
D4006 , psz5092 . The algal transit peptide is underlined , the FLAG 
epitope tag is uppercase bold and the L915 residue is lower - case 
bold . 

SEO ID NO : 24 
MATASTFSAFNARCGDLRRSAGSGPRRPARPLPVRGRAIPPRIIVVSSSSSKVNPLKTEAVVSSGLA 
DRLRLGSLTEDGLSYKEKFIVRCYEVGINKTATVETIANSLQEVGCNHAQSVGYSTGGFSTTPTMRK 
LRLIWVTARMHIETYKYPAWSDVVEIESWGOGEGKIGTRRDWILRDYATGOVIGRATSKWVMMNODT 
RRLOKVDVDVRDEYLVHCPRELRLAFPEENNSSLKKISKLEDPSOYSKLGLVPRRADLDMNOHVNNV 
TYIGWVLESMPQELIDTHELOTITLDYRRECQHDDVVDSLTSPEPSEDAEAVFNHNGTNGSANVSAN 
DHGCRNFLHLLRLSGNGLEINRGRI EWRKKPIRMDYKDHDGDYKDHDIDYKDDDDK 

Amino acid sequence of Gm FATA G108V mutant gene ; 
D4007 , ps25093 . The algal transit peptide is underlined , the FLAG 
epitope tag is uppercase bold and the G108V residue is lower - case 
bold . 

SEQ ID NO : 25 
MATASTFSAFNARCGDLRRSAGSGPRRPARPLPVRGRAIPPRIIVVSSSSSKVNPLKTEAVVSSGLA 
DRLRLGSLTEDGLSYKEKFIVRCYEVGINKTATVETIANLLQEVGCNHAQSVGYSTYGFSTTPTMRK 
LRLIWVTARMHI ETYKYPAWSDVVEIESWGQGEGKIGTRRDWILRDYATGQVIGRATSKWVMMNQDT 
RRLQKVDVDVRDEYLVHCPRELRLAFPEENNSSLKKISKLEDPSQYSKLGLVPRRADLDMNQHVNNV 
TYIGWVLESMPQELIDTHELOTITLDYRRECQHDDVVDSLTSPEPSEDAEAVFNHNGTNGSANVSAN 
DHGCRNFLHLLRLSGNGLEINRGRIEWRKKPIRMDYKDHDGDYKDHDIDYKDDDDK 

Amino acid sequence of Gm FATA T156F mutant gene ; 
D4008 , psz5094 . The algal transit peptide is underlined , the FLAG 
epitope tag is uppercase bold and the T156F residue is lower - case 
bold . 

SEQ ID NO : 26 
MATASTFSAFNARCGDLRRSAGSGPRRPARPLPVRGRAIPPRIIVVSSSSSKVNPLKTEAVVSSGLA 
DRLRLGSLTEDGLSYKEKFIVRCYEVGINKTATVETIANLLQEVGCNHAQSVGYSTGGFSTTPTMRK 
LRLIWVTARMHIETYKYPAWSDVVEIESWGOGEGKIGfRRDWILRDYATGOVIGRATSKWVMMNODT 
RRLOKVDVDVRDEYLVHCPRELRLAFPEENNSSLKKISKLEDPSOYSKLGLVPRRADLDMNOHVNNV 
TYIGWVLESMPQELIDTHELQTITLDYRRECQHDDVVDSLTSPEPSEDAEAVFNHNGTNGSANVSAN 
DHGCRNFLHLLRLSGNGLEINRGRI EWRKKPIRMDYKDHDGDYKDHDIDYKDDDDK 
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Amino acid sequence of Gm FATA T156A mutant gene ; 
D4009 , PSZ5095 . The algal transit peptide is underlined , the FLAG 
epitope tag is uppercase bold and the T156A residue is lower - case 
bold . 

SEO ID NO : 27 
MATASTFSAFNARCGDLRRSAGSGPRRPARPLPVRGRAIPPRIIVVSSSSSKVNPLKTEAVVSSGLA 
DRLRLGSLTEDGLSYKEKFIVRCYEVGINKTATVETIANLLQEVGCNHAQSVGYSTGGFSTTPTMRK 
LRLIWVTARMHIETYKYPAWSDVVEIESWGQGEGKIGARRDWILRDYATGQVIGRATSKWVMMNQDT 
RRLQKVDVDVRDEYLVHCPRELRLAPPEENNSSLKKISKLEDPSQYSKLGLVPRRADLDMNQHVNNV 
TYIGWVLESMPOEIIDTHELOTITLDYRRECOHDDVVDSLTSPEPSEDAEAVFNHNGTNGSANVSAN 
DHGCRNFLHLLRLSGNGLEINRGRI EWRKKPIRMDYKDHDGDYKDHDIDYKDDDDK 

Amino acid sequence of Gm FATA T156K mutant gene ; 
D4010 , psz5096 . The algal transit peptide is underlined , the FLAG 
epitope tag is uppercase bold and the T156K residue is lower - case 
bold . 

SEQ ID NO : 28 
MATASTFSAFNARCGDLRRSAGSGPRRPARPLPVRGRAIPPRIIVVSSSSSKVNPLKTEAVVSSGLA 
DRLRLGSLTEDGLSYKEKFIVRCYEVGINKTATVETIANLLQEVGCNHAQSVGYSTGGFSTTPTMRK 
LRLIWVTARMHI ETYKYPAWSDVVEIESWGOGEGKIGKRRDWILRDYATGOVIGRATSKWVMMNODT 
RRLQKVDVDVRDEYLVHCPRELRLAFPEENNSSLKKISKLEDPSQYSKLGLVPRRADLDMNQHVNNV 
TYIGWVLESMPOEIIDTHELOTITLDYRRECOHDDVVDSLTSPEPSEDAEAVFNHNGTNGSANVSAN 
DHGCRNFLHLLRLSGNGLEINRGRIEWRKKPIRMDYKDHDGDYKDHDIDYKDDDDK 

Amino acid sequence of Gm FATA T156V mutant gene ; 
D4011 , psz5097 . The algal transit peptide is underlined , the FLAG 
epitope tag is uppercase bold and the T156V residue is lower - case 
bold . 

SEQ ID NO : 29 
MATASTFSAFNARCGDLRRSAGSGPRRPARPLPVRGRAIPPRIIVVSSSSSKVNPLKTEAVSSGLA 
DRLRLGSLTEDGLSYKEKFIVRCYEVGINKTATVETIANLLQEVGCNHAQSVGYSTGGFSTTPTMRK 
LRLIWVTARMHI ETYKYPAWSDVVEIESWGQGEGKIGVRRDWILRDYATGQVIGRATSKWVMMNQDT 
RRLQKVDVDVRDEYLVHCPRELRLAFPEENNSSLKKISKLEDPSQYSKLGLVPRRADLDMNQHVNNV 
TYIGWVLESMPOEIIDTHELOTITLDYRRECOHDDVVDSLTSPEPSEDAEAVFNHNGTNGSANVSAN 
DHGCRNFLHLLRLSGNGLEINRGRIEWRKKPIRMDYKDHDGDYKDHDIDYKDDDDK 

Nucleotide sequence of the GmFATA wild - type parental 
gene expression vector ( D3997 , psz5083 ) . The 5 ' and 3 ' homology 
arms enabling targeted integration into the Thi4 locus are noted 
with lowercase ; the CrTUB2 promoter is noted in uppercase italic 
which drives expression of the neomycin selection marker noted with 
lowercase italic followed by the PmPGH 3 ' UTR terminator highlighted 
in uppercase . The PMSAD2 - 1 promoter ( noted in bold text ) drives 
the expression of the GmFATA gene ( noted with lowercase bold text ) 
and is terminated with the CYNR 3 ' UTR noted in underlined , lower 
case bold . Restriction cloning sites and spacer DNA fragments are 
noted as underlined , uppercase plain lettering . 

SEQ ID NO : 30 
ccctcaactgegacgctgggaaccttctccgggcaggcgatgtgcgtgggtttgcctccttggcacg 
gctctacaccgtcgagtacgccatgaggcggtgatggctgtgtcggttgccacttcgtccagagacg 
gcaagtcgtccatcctctgcgtgtgtggcgcgacgctgcagcagtccctctgcagcagatgagcgtg 
actttggccatttcacgcactcgagtgtacacaatccatttttcttaaagcaaatgactgctgattg 
accagatactgtaacgctgatttcgctccagatcgcacagatagcgaccatgttgctgcgtctgaaa 
atctggattccgaattcgaccctggcgctccatccatgcaacagatggcgacacttgttacaattcc 
tgtcacccatcggcatggagcaggtccacttagattcccgatcacccacgcacatctcgctaatagt 
cattcgttcgtgtcttcgatcaatctcaagtgagtgtgcatggatcttggttgacgatgcggtatgg 
gtttgcgccgctggctgcagggtctgcccaaggcaagctaacccagctcctctccccgacaatacto 
tcgcaggcaaagccggtcacttgccttccagattgccaataaactcaattatggcctctgtcatgcc 
atccatgggtctgatgaatggtcacgctcgtgtcctgaccgttccccagcctctggcgtcccctgcc 
ccgcccaccagcccacgccgcgoggcagtcgctgccaaggctgtctoggaGGTACCCTTTCTTGCGC 
TATGACACTTCCAGCAAAAGGTAGGGCGGGCTGCGAGACGGCTTCCCGGCGCTGCATGCAACACCGA 
TGATGCTTCGACCCCCCGAAGCTCCTTCGGGGCTGCATGGGCGCTCCGATGCCGCTCCAGGGCGAGC 
GCTGTTTAAATAGCCAGGCCCCCGATTGCAAAGACATTATAGCGAGCTACCAAAGCCATATTCAAAC 
ACCTAGATCACTACCACTTCTACACAGGCCACTCGAGCTTGTGATCGCACTCCGCTAAGGGGGCGCC 
TCTTCCTCTTCGTTTCAGTCACAACCCGCAAACTCTAGAATATCAatgategagcaggacggcctcc 
acgccggctcccccgccgcctgggtggagcgcctgtteggctacgactgggcccagcagaccatcgg 
ctgctccgacgccgccgtgttccgcctgtccgcccagggccgccccgtgctgttogtgaagaccgac 
ctgtccggcgccctgaacgagctgcaggacgaggccgcccgcctgtcctggctggccaccaccggcg 
tgccctgcgccgccgtgctggacgtggtgaccgaggccggccgcgactggctgctgctgggcgaggt 
geccggccaggacctgctgtcctcccacctggcccccgccgagaaggtgtccatcatggccgacgcc 
atgcgccgcctgcacaccctggaccccgccacctgccccttcgaccaccaggccaagcaccgcatcg 
agcgcgcccgcacccgcatggaggccggcctggtggaccaggacgacctggacgaggagcaccaggg 
cctggcccccgccgagctgttcgcccgcctgaaggcccgcatgcccgacggcgaggacctggtggtg 
acccacggcgacgcctgcctgcccaacatcatggtggagaacggccgcttctccggettcatcgact 
geggccgcctgggcgtggccgaccgctaccaggacatcgccctggccacccgcgacatcgccgagga 
gctgggcggcgagtgggccgaccgcttcctggtgctgtacggcatcgccgcccccgactcccagcgc 
atcgccttctaccgcctgctggacgagttcttctgaCAATTGACGCCCGCGCGGCGCACCTGACCTG 
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TTCTCTCGAGGGCGCCTGTTCTGCCTTGCGAAACAAGCCCCTGGAGCATGCGTGCATGATCGTCTCT 
GGCGCCCCGCCGCGCGGTTTGTCGCCCTCGCGGGCGCCGCGGCCGCGGGGGCGCATTGAAATTGTTG 
CAAACCCCACCTGACAGATTGAGGGCCCAGGCAGGAAGGCGTTGAGATGGAGGTACAGGAGTCAAGT 
AACTGAAAGTTTTTATGATAACTAACAACAAAGGGTCGTTTCTGGCCAGCGAATGACAAGAACAAGA 
TTCCACATTICCGTGTAGAGGCTTGCCATCGAATGTGAGCGGGCGGGCCGCGGACCCGACAAAACCC 
TTACGACGTGGTAAGAAAAACGTGGCGGGCACTGTCCCTGTAGCCTGAAGACCAGCAGGAGACGATC 
GGAAGCATCACAGCACAGGATCCCGCGTCTCGAACAGAGCGCGCAGAGGAACGCTGAAGGTCTCGCC 
TCTGTCGCACCTCAGCGCGGCATACACCACAATAACCACCTGACGAATGCGCTIGGITCTTCGTCCA 
TTAGCGAAGCGTCCGGTTCACACACGTGCCACGTTGGCGAGGTGGCAGGTGACAATGATCGGTGGAG 
CTGATGGTCGAAACGTTCACAGCCTAGGGATATCGTGAAAACTCGCTCGACCGCCCGCGTCCCGCAG 
GCAGCGATGACGTGTGCGTGACCTGGGTGTTTCGTCGAAAGGCCAGCAACCCCAAATCGCAGGCGAT 
CCGGAGATTGGGATCTGATCCGAGCTTGGACCAGATCCCCCACGATGCGGCACGGGAACTGCATCGA 
CTCGGCGCGGAACCCAGCTTTCGTAAATGCCAGATTGGTGTCCGATACCTTGATTTGCCATCAGCGA 
AACAAGACTTCAGCAGCGAGCGTATTTGGCGGGCGTGCTACCAGGGTTGCATACATTGCCCATTTCT 
GTCTGGACCGCTTTACCGGCGCAGAGGGTGAGTTGATGGGGTTGGCAGGCATCGAAACGCGCGTGCA 
TGGTGTGTGTGTCTGTTTTCGGCTGCACAATTTCAATAGTCGGATGGGCGACGGTAGAATTGGGTGT 
TGCGCTCGCGTGCATGCCTCGCCCCGTCGGGTGTCATGACCGGGACTGGAATCCCCCCTCGCGACCC 
TCCTGCTAACGCTCCCGACTCTCCCGCCCGCGCGCAGGATAGACTCTAGTTCAACCAATCGACAACT 
AGTatggccaccgcatccactttctcggcgttcaatgcccgctgcggcgacctgcgtcgctcggcgg 
gctccgggccccggcgcccagcgaggcccctccccgtgcgcgggcgcgccatccccccccgcatcat 
cgtggtgtcctcctcctcctccaaggtgaaccccctgaagaccgaggccgtggtgtcctccggcctg 
gccgaccgcctgcgcctgggctccctgaccgaggacggcctgtcctacaaggagaagttcatcgtgc 
gctgctacgaggtgggcatcaacaagaccgccaccgtggagaccatcgccaacctgctgcaggaggt 
gggctgcaaccacgcccagtccgtgggctactccaccggcggcttctccaccacccccaccatgcgc 
aagctgcgcctgatctgggtgaccgcccgcatgcacatcgagatctacaagtaccccgcctggtccg 
acgtggtggaga togagtcctggggccagggcgagggcaagatcggcacccgccgcgactggatcct 
gcgcgactacgccaccggccaggtgatcggccgcgccacctccaagtgggtgatgatgaaccaggac 
acccgccgcctgcagaaggtggacgtggacgtgcgcgacgagtacctggtgcactgcccccgcgagc 
tgcgcctggccttccccgaggagaacaactcctccctgaagaagatctccaagctggaggacccctc 
ccagtactccaagctgggcctggtgccccgccgcgccgacctggacatgaaccagcacgtgaacaac 
gtgacctacatcggctgggtgctggagtccatgccccaggagatcatcgacacccacgagctgcaga 
ccatcaccctggactaccgccgcgagtgccagcacgacgacgtggtggactccctgacctcccccga 
gccctccgaggacgccgaggccgtgttcaaccacaacggcaccaacggctccgccaacgtgtccgcc 
aacgaccacggctgccgcaacttcctgcacctgctgcgcctgtc 
goggccgcaccgagtggcgcaagaagcccacccgcatggactacaaggaccacgacggcgactacaa 
ggaccacgacatcgactacaaggacgacgacgacaagtgaATCGATgcagcagcagctcggatagta 
tcgacacactctggacgctggtcgtgtgatggactgttgccgccacacttgctgccttgacctgtga 
atatccctgccgcttttatcaaacagcctcagtgtgtttgatcttgtgtgtacgcgcttttgcgagt 
tgctagctgcttgtgctatttgcgaataccacccccagcatccccttccctcgtttcatatcgcttg 
catcccaaccgcaacttatctacgctgtcctgctatccctcagcgctgctcctgctcctgctcactg 
cccctcgcacagccttggtttgggctccgcctgtattctcctggtactgcaacctgtaaaccagcac 
tgcaatgctgatgcacgggaagtagtgggatgggaacacaaatggaAAGCTTGAGCTCcagcgccat 
gccacgccctttgatggcttcaagtacgattacggtgttggattgtgtgtttgttgcgtagtgtgca 
tggtttagaataatacacttgatttcttgctcacggcaatctcggcttgtccgcaggttcaacccca 
tttcggagtctcaggtcagccgcgcaatgaccagccgctacttcaaggacttgcacgacaacgccga 
ggtgagctatgtttaggacttgattggaaattgtcgtcgacgcatattcgcgctccgcgacagcacc 
caagcaaaatgtcaagtgcgttccgatttgcgtccgcaggtcgatgttgtgatcgtcggcgccggat 
ccgccggtctgtcctgcgcttacgagctgaccaagcaccctgacgtccgggtacgcgagctgagatt 
cgattagacataaattgaagattaaacccgtagaaaaatttgatggtcgcgaaactgtgctcgattg 
caagaaattgatcgtcctccactccgcaggtcgccatcatcgagcagggcgttgctcccggcggcgg 
cgcctggctggggggacagctgttctcggccatgtgtgtacgtagaaggatgaatttcagctggttt 
togttgcacagctgtttgtgcatgatttgtttcagactattgttgaatgtttttagatttcttagga 
tgcatgatttgtctgcatgcgact 

Nucleotide sequence of the GmFATA S111A , V193A 
mutant gene ( D3998 , PSZ5084 ) . The promoter , 3 ' UTR , selection marker 
and targeting arms are the same as described in SEQ ID NO : 30 . 

SEQ ID NO : 31 
atggccaccgcatccactttctcggcgttcaatgcccgctgcggcgacctgcgtcgctcggcgggct 
ccgggccccggcgcccagcgaggcccctccccgtgcgcgggcgcgccatccccccccgcatcatcgt 
ggtgtcctcctcctcctccaaggtgaaccccctgaagaccgaggccgtggtgtcctccggcctggcc 
gaccgcctgcgcctgggctccctgaccgaggacggcctgtcctacaaggagaagttcatcgtgcgct 
gctacgaggtgggcatcaacaagaccgccaccgtggagaccatcgccaacctgctgcaggaggtggg 
ctgcaaccacgcccagtccgtgggctactccaccggcggcttcgccaccacccccaccatgcgcaag 
ctgcgcctgatctgggtgaccgcccgcatgcacatcgagatctacaagtaccccgcctggtccgacg 
tggtggagatcgagtcctggggccagggcgagggcaagatcggcacccgccgcgactggatcctgcg 
cgactacgccaccggccaggtgatcggccgcgccacctccaagtgggtgatgatgaaccaggacaco 
cgccgcctgcagaaggtggacgcggacgtgcgcgacgagtacctggtgcactgcccccgcgagctgc 
gcctggccttccccgaggagaacaactcctccctgaagaagatctccaagctggaggacccctccca 
gtactccaagctgggcctggtgccccgccgcgccgacctggacatgaaccagcacgtgaacaacgtg 
acctacatcggctgggtgctggagtccatgccccaggagatcatcgacacccacgagctgcagacca 
tcaccctggactaccgccgcgagtgccagcacgacgacgtggtggactccctgacctcccccgagcc 
ctccgaggacgccgaggccgtgttcaaccacaacggcaccaacggctccgccaacgtgtccgccaac 
gaccacggctgccgcaacttcctgcacctgctgcgcctgtccggcaacggcctggagatcaaccgcg 
gccgcaccgagtggcgcaagaagcccacccgcatggactacaaggaccacgacggcgactacaagga 
ccacgacatcgactacaaggacgacgacgacaagtga 
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Nucleotide sequence of the GmFATA S111v , V193A 
mutant gene ( D3999 , pSz5085 ) . The promoter , 3 ' UTR , selection marker 
and targeting arms are the same as described in SEQ ID NO : 30 . 

SEQ ID NO : 32 
atggccaccgcatccactttctcggcgttcaatgcccgctgcggcgacctgcgtcgctcggcgggct 
ccgggccccggcgcccagcgaggcccctccccgtgcgcgggcgcgccatccccccccgcatcatcgt 
ggtgtcctcctcctcctccaaggtgaaccccctgaagaccgaggccgtggtgtcctccggcctggcc 
gaccgcctgcgcctgggctccctgaccgaggacggcctgtcctacaaggagaagttcatcgtgcgct 
gctacgaggtgggcatcaacaagaccgccaccgtggagaccatcgccaacctgctgcaggaggtggg 
ctgcaaccacgcccagtccgtgggctactccaccggcggcttcgtcaccacccccaccatgcgcaag 
ctgcgcctgatctgggtgaccgcccgcatgcacatcgagatctacaagtaccccgcctggtccgacg 
tggtggagatcgagtcctggggccagggcgagggcaagatcggcacccgccgcgactggatcctgcg 
cgactacgccaccggccaggtgatcggccgcgccacctccaagtgggtgatgatgaaccaggacaco 
cgccgcctgcagaaggtggacgcggacgtgcgcgacgagtacctggtgcactgcccccgcgagctgc 
gcctggccttccccgaggagaacaactcctccctgaagaagatctccaagctggaggacccctccca 
gtactccaagctgggcctggtgccccgccgcgccgacctggacatgaaccagcacgtgaacaacgtg 
acctacatcggctgggtgctggagtccatgccccaggagatcatcgacacccacgagctgcagacca 
tcaccctggactaccgccgcgagtgccagcacgacgacgtggtggactccctgacctcccccgagcc 
ctccgaggacgccgaggccgtgttcaaccacaacggcaccaacggctccgccaacgtgtccgccaac 
gaccacggctgccgcaacttcctgcacctgctgcgcctgtccggcaacggcctggagatcaaccgcg 
gccgcaccgagtggcgcaagaagcccacccgcatggactacaaggaccacgacggcgactacaagga 
ccacgacatcgactacaaggacgacgacgacaagtga 

Nucleotide sequence of the GmFATA G96A mutant gene 
( D4000 , psz5086 ) . The promoter , 3 ' UTR , selection marker and 
targeting arms are the same as described in SEQ ID NO : 30 . 

SEO ID NO : 33 
atggccaccgcatccactttctcggcgttcaatgcccgctgcggcgacctgcgtcgctcggcgggct 
ccgggccccggcgcccagcgaggcccctccccgtgcgcgggcgcgccatccccccccgcatcatcgt 
ggtgtcctcctcctcctccaaggtgaaccccctgaagaccgaggccgtggtgtcctccggcctggcc 
gaccgcctgcgcctgggctccctgaccgaggacggcctgtcctacaaggagaagttcatcgtgcgct 
gctacgaggtgggcatcaacaagaccgccaccgtggagaccatcgccaacctgctgcaggaggtggc 
gtgcaaccacgcccagtccgtgggctactccaccggcggcttctccaccacccccaccatgcgcaag 
ctgcgcctgatctgggtgaccgcccgcatgcacatcgagatctacaagtaccccgcctggtccgacg 
tggtggagatcgagtcctggggccagggcgagggcaagatcggcacccgccgcgactggatcctgcg 
cgactacgccaccggccaggtgatcggccgcgccacctccaagtgggtgatgatgaaccaggacacc 
cgccgcctgcagaaggtggacgtggacgtgcgcgacgagtacctggtgcactgcccccgcgagctgc 
gcctggccttccccgaggagaacaactcctccctqaaqaaqatctccaaqctqqaqqacccctccca 
gtactccaagctgggcctggtgccccgccgcgccgacctggacatgaaccagcacgtgaacaacgtg 
acctacatcggctgggtgctggagtocatgccccaggagatcatcgacacccacgagctgcagacca 
tcaccctggactaccgccgcgagtgccagcacgacgacgtggtggactccctgacct 
ctccgaggacgccgaggccgtgttcaaccacaacggcaccaacggctccgccaacgtgtccgccaac 
gaccacggctgccgcaacttcctgcacctgctgcgcctgtccggcaacggcctggagatcaaccgcg 
gccgcaccgagtggcgcaagaagcccacccgcatggactacaaggaccacgacggcgactacaagga 
ccacgacatcgactacaaggacgacgacgacaagtga 

Nucleotide sequence of the GmFATA G96T mutant gene 
( D4001 , PS25087 ) . The promoter , 3 ' UTR , selection marker and 
targeting arms are the same as described in SEQ ID NO : 30 . 

SEQ ID NO : 34 
atggccaccgcatccactttctcggcgttcaatgcccgctgcggcgacctgcgtcgctcggcgggct 
ccgggccccggcgcccagcgaggcccctccccgtgcgcgggcgcgccatccccccccgcatcatcgt 
ggtgtcctcctcctcctccaaggtgaaccccctgaagaccgaggccgtggtgtcctccggcctggcc 
gaccgcctgcgcctgggctccctgaccgaggacggcctgtcctacaaggagaagttcatcgtgcgct 
gctacgaggtgggcatcaacaagaccgccaccgtggagaccatcgccaacctgctgcaggaggtgac 
gtgcaaccacgcccagtccgtgggctactccaccggcggcttctccaccacccccaccatgcgcaag 
ctgcgcctgatctgggtgaccgcccgcatgcacatcgagatctacaagtaccccgcctggtccgacg 
tggtggagatcgagtcctggggccagggcgagggcaagatcggcacccgccgcgactggatcctgcg 
cgactacgccaccggccaggtgatcggccgcgccacctccaagtgggtgatgatgaaccaggacaco 
cgccgcctgcagaaggtggacgtggacgtgcgcgacgagtacctggtgcactgcccccgcgagctgc 

ccgaggagaacaactcctccctgaagaagatctccaagctggaggacccctccca 
gtactccaagctgggcctggtgccccgccgcgccgacctggacatgaaccagcacgtgaacaacgtg 
acctacatcggctgggtgctggagtccatgccccaggagatcatcgacacccacgagctgcagacca 
tcaccctggactaccgccgcgagtgccagcacgacgacgtggtggactccctgacctcccccqaqcc 
ctccgaggacgccgaggccgtgttcaaccacaacggcaccaacggctccgccaacgtgtccgccaac 
gaccacggctgccgcaacttcctgcacctgctgcgcctgtccggcaacggcctggagatcaaccgcg 
gccgcaccgagtggcgcaagaagcccacccgcatggactacaaggaccacgacggcgactacaagga 
ccacgacatcgactacaaggacgacgacgacaagtga 

Nucleotide sequence of the GmFATA G96V mutant gene 
( D4002 , ps25088 ) . The promoter , 3 ' UTR , selection marker and 
targeting arms are the same as described in SEQ ID NO : 30 . 

SEQ ID NO : 35 
atggccaccgcatccactttctcggcgttcaatgcccgctgcggcgacctgcgtcgctcggcgggct 
ccgggccccggcgcccagcgaggcccctccccgtgcgcgggcgcgccatccccccccgcatcatcgt 
ggtgtcctcctcctcctccaaggtgaaccccctgaagaccgaggccgtggtgtcctccggcctggcc 
gaccgcctgcgcctgggctccctgaccgaggacggcctgtcctacaaggagaagttcatcgtgcgct 
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gctacgaggtgggcatcaacaagaccgccaccgtggagaccatcgccaacctgctgcaggaggtggt 
gtgcaaccacgcccagtccgtgggctactccaccggcggcttctccaccacccccaccatgcgcaag 
ctgcgcctgatctgggtgaccgcccgcatgcacatcgagatctacaagtaccccgcctggtccgacg 
tggtggagatcgagtcctggggccagggcgagggcaagatcggcacccgccgcgactggatcctgcg 
cgactacgccaccggccaggtgatcggccgcgccacctccaagtgggtgatgatgaaccaggacacc 
cgccgcctgcagaaggtggacgtggacgtgcgcgacgagtacctggtgcactgcccccgcgagctgc 
gcctggccttccccgaggagaacaactcctccctgaagaagatctccaagctggaggacccctccca 
gtactccaagctgggcctggtgccccgccgcgccgacctggacatgaaccagcacgtgaacaacgtg 
acctacatcggctgggtgctggagtccatgccccaggagatcatcgacacccacgagctgcagacca 
tcaccctggactaccgccgcgagtgccagcacgacgacgtggtggactccctgacctcccccgagcc 
ctccgaggacgccgaggccgtgttcaaccacaacggcaccaacggctccgccaacgtgtccgccaac 
gaccacggctgccgcaacttcctgcacctgctgcgcctgtccggcaacggcctggagatcaaccgcg 
gccgcaccgagtggcgcaagaagcccacccgcatggactacaaggaccacgacggcgactacaagga 
ccacgacatcgactacaaggacgacgacgacaagtga 

Nucleotide sequence of the GmFATA G108A mutant gene 
( D4003 , PS25089 ) . The promoter , 3 ' UTR , selection marker and 
targeting arms are the same as described in SEQ ID NO : 30 . 

SEQ ID NO : 36 
atggccaccgcatccactttctcggcgttcaatgcccgctgcggcgacctgcgtcgctcggcgggct 
ccgggccccggcgcccagcgaggcccctccccgtgcgcgggcgcgccatccccccccgcatcatcgt 
ggtgtcctcctcctcctccaaggtgaaccccctgaagaccgaggccgtggtgtcctccggcctggcc 
gaccgcctgcgcctgggctccctgaccgaggacggcctgtcctacaaggagaagttcatcgtgcgct 
gctacgaggtgggcatcaacaagaccgccaccgtggagaccatcgccaacctgctgcaggaggtggg 
ctgcaaccacgcccagtccgtgggctactccaccgccggcttctccaccacccccaccatgcgcaag 
ctgcgcctgatctgggtgaccgcccgcatgcacatcgagatctacaagtaccccgcctggtccgacg 
tggtggagatcgagtcctggggccagggcgagggcaagatcggcacccgccgcgactggatcctgcg 
cgactacgccaccggccaggtgatcggccgcgccacctccaagtgggtgatgatgaaccaggacaco 
cgccgcctgcagaaggtggacgtggacgtgcgcgacgagtacctggtgcactgcccccgcgagctgc 
gcctggccttccccgaggagaacaactcctccctgaagaagatctccaagctggaggacccctccca 
gtactccaagctgggcctggtgccccgccgcgccgacctggacatgaaccagcacgtgaacaacgtg 
acctacatcggctgggtgctggagtccatgccccaggagatcatcgacacccacgagctgcagacca 
tcaccctggactaccgccgcgagtgccagcacgacgacgtggtggactccctgacctcccccgagcc 
ctccgaggacgccgaggccgtgttcaaccacaacggcaccaacggctccgccaacgtgtccgccaac 
gaccacggctgccgcaacttcctgcacctgctgcgcctgtccggcaacggcctggagatcaaccgcg 
gccgcaccgagtggcgcaagaagcccacccgcatggactacaaggaccacgacggcgactacaagga 
ccacgacatcgactacaaggacgacgacgacaagtga 

Nucleotide sequence of the GmFATA L91F mutant gene 
( D4004 , psz5090 ) . The promoter , 3 ' UTR , selection marker and 
targeting arms are the same as described in SEQ ID NO : 30 . 

SEO ID NO : 37 
atggccaccgcatccactttctcggcgttcaatgcccgctgcggcgacctgcgtcgctcggcgggct 
ccgggccccggcgcccagcgaggcccctccccgtgcgcgggcgcgccatccccccccgcatcatcgt 
ggtgtcctcctcctcctccaaggtgaaccccctgaagaccgaggccgtggtgtcctccggcctggcc 
gaccgcctgcgcctgggctccctgaccgaggacggcctgtcctacaaggagaagttcatcgtgcgct 
gctacgaggtgggcatcaacaagaccgccaccgtggagaccatcgccaacttcctgcaggaggtggg 
ctgcaaccacgcccagtccgtgggctactccaccggcggcttctccaccacccccaccatgcgcaag 
ctgcgcctgatctgggtgaccgcccgcatgcacatcgagatctacaagtaccccgcctggtccgacg 
tggtggagatcgagtcctggggccagggcgagggcaagatcggcacccgccgcgactggatcctgcg 
cgactacgccaccggccaggtgatcggccgcgccacctccaagtgggtgatgatgaaccaggacacc 
cgccgcctgcagaaggtggacgtggacgtgcgcgacgagtacctggtgcactgcccccgcgagctgc 
gcctggccttccccgaggagaacaactcctccctgaagaagatctccaagctgs 
gtactccaagctgggcctggtgccccgccgcgccgacctggacatgaaccagcacgtgaacaacgtg 
acctacatcggctgggtgctggagtccatgccccaggagatcatcgacacccacgagctgcagacca 
tcaccctggactaccgccgcgagtgccagcacgacgacgtggtggactccctgacctcccccgagcc 
ctccgaggacgccgaggccgtgttcaaccacaacggcaccaacggctccgccaacgtgtccgccaac 
gaccacggctgccgcaacttcctgcacctgctgcgcctgtccggcaacggcctggagatcaaccgcg 
gccgcaccgagtggcgcaagaagcccacccgcatggactacaaggaccacgacggcgactacaagga 
ccacgacatcgactacaaggacgacgacgacaagtga 

Nucleotide sequence of the GmFATA L91K mutant gene 
( D4005 , psz5091 ) . The promoter , 3 ' UTR , selection marker and 
targeting arms are the same as described in SEQ ID NO : 30 . 

SEO ID NO : 38 
atggccaccgcatccactttctcggcgttcaatgcccgctgcggcgacctgcgtcgctcggcgggct 
ccgggccccggcgcccagcgaggcccctccccgtgcgcgggcgcgccatccccccccgcatcatcgt 
ggtgtcctcctcctcctccaaggtgaaccccctgaagaccgaggccgtggtgtcctccggcctggcc 
gaccgcctgcgcctgggctccctgaccgaggacggcctgtcctacaaggagaagttcatcgtgcgct 
gctacgaggtgggcatcaacaagaccgccaccgtggagaccatcgccaacaagctgcaggaggtggg 
ctgcaaccacgcccagtccgtgggctactccaccggcggcttctccaccacccccaccatgcgcaag 
ctgcgcctgatctgggtgaccgcccgcatgcacatcgagatctacaagtaccccgcctggtccgacg 
tggtggagatcgagtcctggggccagggcgagggcaagatcggcacccgccgcgactggatcctgcg 
cgactacgccaccggccaggtgatcggccgcgccacctccaagtgggtgatgatgaaccaggacaco 
cgccgcctgcagaaggtggacgtggacgtgcgcgacgagtacctggtgcactgcccccgcgagctgc 
gcctggccttccccgaggagaacaactcctccctgaagaagatctccaagctggaggacccctccca 
gtactccaagctgggcctggtgccccgccgcgccgacctggacatgaaccagcacgtgaacaacgtg 
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acctacatcggctgggtgctggagtccatgccccaggagatcatcgacacccacgagctgcagacca 
tcaccctggactaccgccgcgagtgccagcacgacgacgtggtggactccctgacctcccccgagcc 
ctccgaggacgccgaggccgtgttcaaccacaacggcaccaacggctccgccaacgtgtccgccaac 
gaccacggctgccgcaacttcctgcacctgctgcgcctgtccggcaacggcctggagatcaaccgcg 
gccgcaccgagtggcgcaagaagcccacccgcatggactacaaggaccacgacggcgactacaagga 
ccacgacatcgactacaaggacgacgacgacaagtga 

Nucleotide sequence of the GmFATA L915 mutant gene 
( D4006 , psz5092 ) . The promoter , 3 ' UTR , selection marker and 
targeting arms are the same as described in SEQ ID NO : 30 . 

SEO ID NO : 39 
atggccaccgcatccactttctcggcgttcaatgcccgctgcggcgacctgcgtcgctcggcgggct 
ccqqaccccqgcqcccaqcqaqqcccctccccqtqcqcqaqoqcqccatccccccccqcatcatcat 
ggtgtcctcctcctcctccaaggtgaaccccctgaagaccgaggccgtggtgtcctccggcctggcc 
gaccgcctgcgcctgggctccctgaccgaggacggcctgtcctacaaggagaagttcatcgtgcgct 
gctacgaggtgggcatcaacaagaccgccaccgtggagaccatcgccaactcgctgcaggaggtggg 
ctgcaaccacgcccagtccgtgggctactccaccggcggcttctccaccacccccaccatgcgcaag 
ctgcgcctgatctgggtgaccgcccgcatgcacatcgagatctacaagtaccccgcctggtccgacg 
tggtggagatcgagtcctggggccagggcgagggcaagatcggcacccgccgcgactggatcctgcg 
cgactacgccaccggccaggtgatcggccgcgccacctccaagtgggtgatgatgaaccaggacaco 
cgccgcctgcagaaggtggacgtggacgtgcgcgacgagtacctggtgcactgcccccgcgagctgc 
gcctggccttccccgaggagaacaactcctccctgaagaagatctccaagctggaggacccctccca 
gtactccaagctgggcctggtgccccgccgcgccgacctggacatga accagcacgtgaacaacgtg 
acctacatcggctgggtgctggagtccatgccccaggagatcatcgacacccacgagctgcagacca 
tcaccctggactaccgccgcgagtgccagcacgacgacgtggtggactccctgacctcccccgagcc 
ctccgaggacgccgaggccgtgttcaaccacaacggcaccaacggctccgccaacgtgtccgccaac 
gaccacggctgccgcaacttcctgcacctgctgcgcctgtccggcaacggcctggagatcaaccgcg 
gccgcaccgagtggcgcaagaagcccacccgcatggactacaaggaccacgacggcgactacaagga 
ccacgacatcgactacaaggacgacgacgacaagtga 

Nucleotide sequence of the GmFATA G108V mutant gene 
( D4007 , pSz5093 ) . The promoter , 3 ' UTR , selection marker and 
targeting arms are the same as described in SEQ ID NO : 30 . 

SEQ ID NO : 40 
atggccaccgcatccactttctcggcgttcaatgcccgctgcggcgacctgcgtcgctcggcgggct 
ccgggccccggcgcccagcgaggcccctccccgtgcgcgggcgcgccatccccccccgcatcatcgt 
ggtgtcctcctcctcctccaaggtgaaccccctgaagaccgaggccgtggtgtcctccggcctggcc 
gaccgcctgcgcctgggctccctgaccgaggacggcctgtcctacaaggagaagttcatcgtgcgct 
gctacgaggtgggcatcaacaagaccgccaccgtggagaccatcgccaacctgctgcaggaggtggg 
ctgcaaccacgcccagtccgtgggctactccaccgtcggcttctccaccacccccaccatgcgcaag 
ctgcgcctgatctgggtgaccgcccgcatgcacatcgagatctacaagtaccccgcctggtccgacg 
tggtggagatcgagtcctggggccagggcgagggcaagatcggcacccgccgcgactggatcctgcg 
cgactacgccaccggccaggtgatcggccgcgccacctccaagtgggtgatgatga accaggacacc 
cgccgcctgcagaaggtggacgtggacgtgcgcgacgagtacctggtgcactgcccccgcgagctgc 
gcctggccttccccgaggaga acaactcctccctgaagaagatctccaagctggaggacccctccca 
gtactccaagctgggcctggtgccccgccgcgccgacctggacatgaaccagcacgtgaacaacgtg 
acctacatcggctgggtgctggagtccatgccccaggagatcatcgacacccacgagctgcagacca 
tcaccctggactaccgccgcgagtgccagcacgacgacgtggtggactccctgacctcccccgagcc 
ctccgaggacgccgaggccgtgttcaaccacaacggcaccaacggctccgccaacgtgtccgccaac 
gaccacggctgccgcaacttcctgcacctgctgcgcctgtccggcaacggcctggagatcaaccgcg 
gccgcaccgagtggcgcaagaagcccacccgcatggactacaaggaccacgacggcgactacaagga 
ccacgacatcgactacaaggacgacgacgacaagtga 

Nucleotide sequence of the GmFATA T156F mutant gene 
( D4008 , pSz5094 ) . The promoter , 3 ' UTR , selection marker and 
targeting arms are the same as described in SEQ ID NO : 30 . 

SEO ID NO : 41 
atggccaccgcatccactttctcggcgttcaatgcccgctgcggcgacctgcgtcgctcggcgggct 
ccgggccccggcgcccagcgaggcccctccccgtgcgcgggcgcgccatccccccccgcatcatcgt 
ggtgtcctcctcctcctccaaggtgaaccccctgaagaccgaggccgtggtgtcctccggcctggcc 
gaccgcctgcgcctgggctccctgaccgaggacggcctgtcctacaaggagaagttcatcgtgcgct 
gctacgaggtgggcatcaacaagaccgccaccgtggagaccatcgccaacctgctgcaggaggtggg 
ctgcaaccacgcccagtccgtgggctactccaccggcggcttctccaccacccccaccatgcgcaag 
ctgcgcctgatctgggtgaccgcccgcatgcacatcgagatctacaagtaccccgcctggtccgacg 
tggtggagatcgagtcctggggccagggcgagggcaagatcggcttccgccgcgactggatcctgcg 
cgactacgccaccggccaggtgatcggccgcgccacctccaagtgggtgatgatgaaccaggacaco 
cgccgcctgcagaaggtggacgtggacgtgcgcgacgagtacctggtgcactgcccccgcgagctgc 
gcctggccttccccgaggagaacaactcctccctgaagaagatctccaagctggaggacccctccca 
gtactccaagctgggcctggtgccccgccgcgccgacctggacatgaaccagcacgtgaacaacgtg 
acctacatcggctgggtgctggagtccatgccccaggagatcatcgacacccacgagctgcagacca 
tcaccctggactaccgccgcgagtgccagcacgacgacgtggtggactccctgacctcccccgagcc 
ctccgaggacgccgaggccgtgttcaaccacaacggcaccaacggctccgccaacgtgtccgccaac 
gaccacggctgccgcaacttcctgcacctgctgcgcctgtccggcaacggcctggagatcaaccgcg 
gccgcaccgagtggcgcaagaagcccacccgcatggactacaaggaccacgacggcgactacaagga 
ccacgacatcgactacaaggacgacgacgacaagtga 
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Nucleotide sequence of the GmFATA T156A mutant gene 
( D4009 , psz5095 ) . The promoter , 3 ' UTR , selection marker and 
targeting arms are the same as described in SEQ ID NO : 30 . 

SEQ ID NO : 42 
atggccaccgcatccactttctcggcgttcaatgcccgctgcggcgacctgcgtcgctcggcgggct 
ccgggccccggcgcccagcgaggcccctccccgtgcgcgggcgcgccatccccccccgcatcatcgt 
ggtgtcctcctcctcctccaaggtgaaccccctgaagaccgaggccgtggtgtcctccggcctggcc 
gaccgcctgcgcctgggctccctgaccgaggacggcctgtcctacaaggagaagttcatcgtgcgct 
gctacgaggtgggcatcaacaagaccgccaccgtggagaccatcgccaacctgctgcaggaggtggg 
ctgcaaccacgcccagtccgtgggctactccaccggcggcttctccaccacccccaccatgcgcaag 
ctgcgcctgatctgggtgaccgcccgcatgcacatcgagatctacaagtaccccgcctggtccgacg 
tggtggagatcgagtcctggggccagggcgagggcaagatcggcgcgcgccgcgactggatcctgcg 
cgactacgccaccggccaggtgatcggccgcgccacctccaagtgggtgatgatgaaccaggacacc 
cgccgcctgcagaaggtggacgtggacgtgcgcgacgagtacctggtgcactgcccccgcgagctgc 
gcctggccttccccgaggagaacaactcctccctgaagaagatctccaagctggaggacccctccca 
gtactccaagctgggcctggtgccccgccgcgccgacctggacatgaaccagcacgtgaacaacgtg 
acctacatcggctgggtgctggagtccatgccccaggagatcatcgacacccacgagctg 
tcaccctggactaccgccgcgagtgccagcacgacgacgtggtggactccctgacctcccccgagcc 
ctccgaggacgccgaggccgtgttcaaccacaacggcaccaacggctccgccaacgtgtccgccaac 

ccacggctgccgcaacttcctgcacctgctgcgcctgtccggcaacggcctggagatcaaccgcg 
gccgcaccgagtggcgcaagaagcccacccgcatggactacaaggaccacgacggcgactacaagga 
ccacgacatcgactacaaggacgacgacgacaagtga 

Nucleotide sequence of the GmFATA T156K mutant gene 
( D4010 , psz5096 ) . The promoter , 3 ' UTR , selection marker and 
targeting arms are the same as described in SEQ ID NO : 30 . 

SEO ID NO : 43 
atggccaccgcatccactttctcggcgttcaatgcccgctgcggcgacctgcgtcgctcggcgggct 
ccgggccccggcgcccagcgaggcccctccccgtgcgcgggcgcgccatccccccccgcatcatcgt 
ggtgtcctcctcctcctccaaggtgaaccccctgaagaccgaggccgtggtgtcctccggcctggcc 
gaccgcctgcgcctgggctccctgaccgaggacggcctgtcctacaaggagaagttcatcgtgcgct 
gctacgaggtgggcatcaacaagaccgccaccgtggagaccatcgccaacctgctgcaggaggtggg 
ctgcaaccacgcccagtccgtgggctactccaccggcggcttctccaccacccccaccatgcgcaag 
ctgcgcctgatctgggtgaccgcccgcatgcacatcgagatctacaagtaccccgcctggtccgacg 
tggtggagatcgagtcctggggccagggcgagggcaagatcggcaagcgccgcgactggatcctgcg 
cgactacgccaccggccaggtgatcggccgcgccacctccaagtgggtgatgatgaaccaggacacc 
cgccgcctgcagaaggtggacgtggacgtgcgcgacgagtacctggtgcactgcccccgcgagctgc 
gcctggccttccccgaggagaacaactcctccctqaaqaaqatctccaaqctqqaqqacccctccca 
gtactccaagctgggcctggtgccccgccgcgccgacctggacatgaaccagcacgtgaacaacgtg 
acctacatcggctgggtgctggagtocatgccccaggagatcatcgacacccacgagctgcagacca 
tcaccctggactaccgccgcgagtgccagcacgacgacgtggtggactccctgacct 
ctccgaggacgccgaggccgtgttcaaccacaacggcaccaacggctccgccaacgtgtccgccaac 
gaccacggctgccgcaacttcctgcacctgctgcgcctgtccggcaacggcctggagatcaaccgcg 
gccgcaccgagtggcgcaagaagcccacccgcatggactacaaggaccacgacggcgactacaagga 
ccacgacatcgactacaaggacgacgacgacaagtga 

Nucleotide sequence of the GmFATA T156V mutant gene 
( D4011 , psz5097 ) . The promoter , 3 ' UTR , selection marker and 
targeting arms are the same as described in SEQ ID NO : 30 . 

SEO ID NO : 44 
atggccaccgcatccactttctcggcgttcaatgcccgctgcggcgacctgcgtcgctcggcgggct 
ccgggccccggcgcccagcgaggcccctccccgtgcgcgggcgcgccatccccccccgcatcatcgt 
ggtgtcctcctcctcctccaaggtgaaccccctgaagaccgaggccgtggtgtcctccggcctggcc 
gaccgcctgcgcctgggctccctgaccgaggacggcctgtcctacaaggagaagttcatcgtgcgct 
gctacgaggtgggcatcaacaagaccgccaccgtggagaccatcgccaacctgctgcaggaggtggg 
ctgcaaccacgcccagtccgtgggctactccaccggcggcttctccaccacccccaccatgcgcaag 
ctgcgcctgatctgggtgaccgcccgcatgcacatcgagatctacaagtaccccgcctggtccgacg 
tggtggagatcgagtcctggggccagggcgagggcaagatcggcgtgcgccgcgactggatcctgcg 
cgactacgccaccggccaggtgatcggccgcgccacctccaagtgggtgatgatgaaccaggacaco 
cgccgcctgcagaaggtggacgtggacgtgcgcgacgagtacctggtgcactgcccccgcgagctgc 
gcctggccttccccgaggagaacaactcctccctgaagaagatctccaagctggaggacccctccca 
gtactccaagctgggcctggtgccccgccgcgccgacctggacatgaaccagcacgtgaacaacgtg 
acctacatcggctgggtgctggagtccatgccccaggagatcatcgacacccacgagctgcagacca 
tcaccctggactaccgccgcgagtgccagcacgacgacgtggtggactccctgacctcccccqaqcc 
ctccgaggacgccgaggccgtgttcaaccacaacggcaccaacggctccgccaacgtgtccgccaac 
gaccacggctgccgcaacttcctgcacctgctgcgcctgtccggcaacggcctggagatcaaccgcg 
gccgcaccgagtggcgcaagaagcccacccgcatggactacaaggaccacgacggcgactacaagga 
ccacgacatcgactacaaggacgacgacgacaagtga 

Amino acid sequence of Gm FATA wild - type parental gene ; signal 
peptide is removed 

SEQ ID NO : 45 
IPPRIIVSSSSSKVNPLKTEAVVSSGLADRLRLGSLTEDGLSYKEKFIVRCYEVGINKTATVETIA 
NLLQEVGCNHAQSVGYSIGGESTIPTMRKLRLIWVTARMHIETYKYPAWSDVVEIESWGQGEGKIGT 
RRDWILRDYATGQVIGRATSKWVMMNQDTRRLQKVDVDVRDEYLVHCPRELRLAPPEENNSSLKKIS 
KLEDPSQYSKLGLVPRRADLDMNQHVNNVTYIGWVLESMPQELIDTHELOTITLDYRRECQHDDVVD 
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SLTSPEPSEDAEAVFNHNGTNGSANVSANDHGCRNFLHLLRLSGNGLEINRGRTEWRKKPTR 

Nucleotide sequence of transforming DNA contained in plasmid 
pSz5990 transformed into S5780 

SEO ID NO : 46 
gctcttcccaactcagataataccaatacccctccttctcctcctcatccattcagtaccccccccc 

ugcttacagaagaacaatcggcttccgccaaagtcgccgag 
cactgcccgacggcggcgcgcccagcagcccgcttggccacacaggcaacgaatacattcaataggg 
ggcctcgcagaatggaaggagoggtaaagggtacaggagcactgcgcacaaggggcctgtgcaggag 
tgactgactgggcgggcagacggcgcaccgcgggcgcaggcaagcagggaagattgaagcggcaggg 
aggaggatgctgattgaggggggcatcgcagtctctcttggacccgggata aggaagcaaatattcg 
gccggttgggttgtgtgtgtgcacgttttcttcttcagagtcgtgggtgtgcttccagggaggatat 

aagcagcaggatcgaatcccgcgaccagcgtttccccatccagccaaccaccctgtcggtacdcttt 

cttgcgctatgacacttccagcaaaaggtagggcgggctgcgagacggcttcccggcgctgcatgca 

acaccgatgatgcttcgaccccccgaagctccttcggggctgcatgggcgctccgatgccgctccag | 

Iggcgagcgctgtttaaatagccaggcccccgattgcaaagacattatagcgagctaccaaagccata 

ttcaaacacctagatcactaccacttctacacaggccactcgagcttgtgatcgcactccgctaagg 

gggcgcctcttcctcttcgtttcagtcacaacccgcaaactctagaatatcaATGctgctgcaggcc 

ttcctgttcctgctggccggcttcgccgccaagatcagcgcctccatgacgaacgagacgtccgacc 
gccccctggtgcacttcacccccaacaagggctggatgaacgaccccaacggcctgtggtacgacga 
gaaggacgccaagtggcacctgtacttccagtacaacccgaacgacaccgtctgggggacgcccttg 
ttctggggccacgccacgtccgacgacctgaccaactgggaggaccagcccatcgccatcgccccga 
agcgcaacgactccggcgccttctccggctccatggtggtggactacaacaacacctccggcttctt 
caacgacaccatcgaccogcgccagcgctgcgtggccatctggacctacaacaccccggagtocgag 
gagcagtacatctcctacagcctggacggeggotacaccttcaccgagtaccagaagaaccccgtgo 
tggccgccaactccacccagttccgcgacccgaaggtcttctggtacgagccctcccagaagtggat 
catgaccgcggccaagtoccaggactacaagatogagatetactcctccgacgacctgaagtectgg 
aagctggagtccgcgttcgccaacgagggcttcctcggctaccagtacgagt 
aggtccccaccgagcaggaccccagcaagtcctactgggtgatgttcatctccatcaaccccggcgc 
cccggccggeggctccttcaaccagtacttcgtcggcagcttcaacggcacccacttcgaggccttc 
gacaaccagtcccgcgtggtggacttcggcaaggactactacgccctgcagaccttcttcaacaccg 
acccgacctacgggagcgccctgggcatcgcgtgggcctccaactgggagtactccgccttcgtgcc 
caccaacccctggcgctcctccatgtccctcgtgcgcaagttctccctcaacaccgagtaccaggcc 
aacccggagacggagctgatcaacctgaaggccgagccgatectgaacatcagcaacgccggcccct 
ggagccggttegccaccaacaccacgttgacgaaggccaacagctacaacgtcgacctgtocaacag 
caccggcaccctggagttegagctggtgtacgccgtcaacaccacccagacgatctccaagtccgtg 
ttcgcggacctctccctctggttcaagggcctggaggaccccgaggagtacctccgcatgggcttcg 
aggtgtccgcgtcctccttcttcctggaccgcgggaacagcaaggtgaagttegtgaaggagaaccc 
ctacttcaccaaccgcatgagcgtgaacaaccagcccttcaagagcgagaacgacctgtcctactac 
aaggtgtacggettgctggaccagaacatcctggagctgtacttcaacgacggcgacgtcgtgtcca 
ccaacacctacttcatgaccaccgggaacgccctgggctccgtgaacatgacgacgggggtggacaa 
cctgttctacatcgacaagttccaggtgcgcgaggtcaagTGAcaattgacgcccgcgcggcgcacc 
tgacctgttctctcgagggcgcctgttctgccttgcgaaacaagcccctggagcatgcgtgcatgat 
cgtctctggcgccccgccgcgcggtttgtcgccctcgcgggcgccgcggccgcgggggcgcattgaa 
attgttgcaaaccccacctgacagattgagggcccaggcaggaaggcgttgagatggaggtacagga 
gtcaagtaactgaaagtttttatgataactaacaacaaagggtcgtttctggccagcgaatgacaag 
aacaagattccacatttccgtgtagaggettgccatcgaatgtgagcgggcgggccgcggacccgac 
aaaacccttacgacgtggtaagaaaaacgtggcgggcactgtccctgtagcctgaagaccagcagga 
gacgatcggaagcatcacagcacaggatcccgcgtctcgaacagagcgcgcagaggaacgctgaagg 
tctcgcctctgtcgcacctcagcgcggcatacaccacaataaccacctgacgaatgcgcttggttct 
tcgtccattagcgaagcgtccggttcacacacgtgccacgttggcgaggtggcaggtgacaatgate 

ggtggagctgatggtcgaaacgttcacagccta cgccgctcagcctacacgtcttctccgata 

cctttccctcattgcattttatgccagactgggtcccagcctgggtgggtgctcccgctcgattgct 

cgtgtcggaggcggggcacccccgctctctctatttatcactgcctctccccgaccaaccctgacga 

Ictgtaaccctgccagaaacaattcagcctcatcaaaccgagttgtgcacaagggcgactaatttttt | 

agtcgggaaacaacccgcttccagaagcatccggacgggggtagcgaggctgtgtcgagcgccgtgg 
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INFORMAL SEQUENCE LISTING 

ggatctggccggtgaggtgcccgaaatccgtgtacagctcagcggctgggatcatcgacccccggga 

tcatcgaccccgtgggccgggcccccggaccctataactaaaagccgacgccagtgcaaaaccacaa 

acatttactccttaatcctccctcctccttcatacacacccacaagtaatcaactcacccatATGgc 

catcgccgccgccgccgtgatcgtgcccctgggcctgctgttcttcatctccggcctggtggtgaac 
ctgatccaggccctgtgcttcgtgctgatccgccccctgtccaagaacacctaccgcaagatcaacc 
gegtggtggccgagctgctgtggctggagctgatctggctggtggactggtgggccggcgtgaagat 
caaggtgttcatggaccccgagtccttcaacctgatgggcaaggagcacgccctggtggtggccaac 
caccgctccgacatcgactggctggtgggctggctgctggcccagcgctccggctgcctgggctccg 
ccctggccgtgatgaagaagtcctccaagttcctgcccgtgatcggctggtccatgtggttctccga 
gtacctgttcctggagcgctcctgggccaaggacgagaacaccctgaaggccggcctgcagcgcctg 
aaggacttcccccgccccttctggctggccttcttcgtggagggcacccgcttcacccaggccaagt 
tcctggccgcccaggagtacgccgcctcccagggcctgcccatcccccgcaacgtgctgatcccccg 
caccaagggcttcgtgtccgccgtgtcccacatgcgctccttcgtgcccgccatctacgacatgacc 
gtggccatccccaagtcctccccctcccccaccatgctgcgcctgttcaagggccagccctccgtgg 
tgcacgtgcacatcaagcgctgcctgatgaaggagctgcccgagaccgacgaggccgtggcccagtg 
gtgcaaggacatgttogtggagaaggacaagctgctggacaagcacatcgccgaggacaccttctcc 
gaccagcccatgcaggacctgggccgccccatcaagtccctgctggtggtggcctcctgggcctgcc 
tgatggcctacggcgccctgaagttcctgcagtgctcctccctgctgtcctcctggaagggcatcgc 
cttcttcctggtgggcctggccatcgtgaccatectgatgcacatectgatcctgttctcccagtcc 
gagcgctccacccccgccaaggtggcccccggcaagcccaagaacgacggegagacctccgaggccc 
gccgcgacaagcagcagTGAatgcatatgtggagatgtagggtggtcgactcgttggaggtgggtgt 
ttttttttatcgagtgcgcggcgcggcaaacgggtccctttttatcgaggtgttcccaacgccgcac 
cgccctcttaaaacaacccccaccaccacttgtcgaccttctcgtttgttatccgccacggcgcccc 
ggaggggcgtcgtctggccgcgcgggcagctgtatcgccgcgctcgctccaatggtgtgtaatcttg 
gaaagataataatcgatggatgaggaggagagcgtgggagatcagagcaaggaatatacagttggca 
cgaagcagcagcgtactaagctgtagcgtgttaagaaagaaaaactcgctgttaggctgtattaatc 
aaggagcgtatcaataattaccgaccctatacctttatctccaacccaatcgcggettaaggatcta 

tcgaagcgctcgaccgtgccggacggactgcagccccatgtcgtagtgaccgccaatgt 
aagtgggctggcgtttccctgtacgtgagtcaacgtcactgcacgcgcaccaccctctcgaccggca 
ggaccaggcatcgcgagatacagcgcgagccagacacggagtgccgagctatgcgcacgctccaact 

agatatcatgtggatgatgagcatgaattectggctcgggcctcgtgctggcactccctcccatgcc 

Igacaacctttctgctgtcaccacgacccacgatgcaacgcgacacgacccggtgggactgatcggtt 

cactgcacctgcatgcaattgtcacaagcgcatactccaatcgtatccgtttgatttctgtgaaaac 

tcgctcgaccgcccgcgtcccgcaggcagcgatgacgtgtgcgtgacctgggtgtttcgtcgaaagg 

ccagcaaccccaaatcgcaggcgatccggagattgggatctgatccgagcttggaccagatccccca 

cgatgcggcacgggaactgcatcgactcggcgcggaacccagctttcgtaaatgccagattggtgtc 

cgataccttgatttgccatcagcgaaacaagacttcagcagcgagcgtatttggcgggcgtgctacc 

agggttgcatacattgcccatttctgtctggaccgctttaccggcgcagagggtgagttgatggggt 

tggcaggcatcgaaacgcgcgtgcatggtgtgtgtgtctgttttcggctgcacaatttcaatagtcg 

gatgggcgacggtagaattgggtgttgcgctcgcgtgcatgcctcgccccgtcgggtgtcatgaccg 

ggactggaatcccccctcgcgaccctcctgctaacgctcccgactctcccgcccgcgcgcaggatag 

actctagttcaaccaatcgacaactagtATGgccaccgcatccactttctcggcgttcaatgcccgc 

tgcggcgacctgcgtcgctcggcgggctccgggccccggcgcccagcgaggcccctccccgtgcgcg 

ggcgcgccatccccccccgcatcatcgtggtgtcctcctcctcctccaaggtgaaccccctgaagac 

cgaggccgtggtgtcctccggcctggccgaccgcctgegcctgggctccctgaccgaggacggcctg 
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tcctacaaggagaagttcatcgtgcgctgctacgaggtgggcatcaacaagaccgccaccgtggaga 
ccatcgccaacctgctgcaggaggtggcgtgcaaccacgcccagtccgtgggctactccaccgccgg 
cttctccaccacccccaccatgcgcaagctgcgcctgatctgggtgaccgcccgcatgcacatcgag 
atctacaagtaccccgcctggtccgacgtggtggagatcgagtcctggggccagggcgagggcaaga 
tcggcacccgccgcgactggatcctgcgcgactacgccaccggccaggtgatcggccgcgccacctc 
caagtgggtgatgatgaaccaggacacccgccgcctgcagaaggtggacgtggacgtgcgcgacgag 
tacctggtgcactgcccccgcgagctgcgcctggccttccccgaggagaacaactcctccctgaaga 
agatctccaagctggaggacccctcccagtactccaagctgggcctggtgccccgccgcgccgacct 
ggacatgaaccagcacgtgaacaacgtgacctacatcggctgggtgctggagtccatgccccaggag 
atcatcgacacccacgagctgcagaccatcaccctggactaccgccgcgagtgccagcacgacgacg 
tggtggactccctgacctcccccgagccctccgaggacgccgaggccgtgttcaaccacaacggcac 
caacggctccgccaacgtgtccgccaacgaccacggctgccgcaacttcctgcacctgctgcgcctg 

tccggcaacggcctggagatcaaccgcggccgcaccgagtggcgcaagaagcccacccgcatggact 

acaaggaccacgacggcgactacaaggaccacgacatcgactacaaggacgacgacgacaagTGAat 

cgatggagcgacgagtgtgcgtgcggggctggcgggagtgggacgccctcctcgctcctctctgtto 
tgaacggaacaatcggccaccccgcgctacgcgccacgcatcgagcaacgaagaaaaccccccgatg 
ataggttgcggtggctgccgggatatagatecggccgcacatcaaagggcccctccgccagagaaga 
agctcctttcccagcagactccttctgctgccaaaacacttctctgtccacagcaacaccaaaggat 
gaacagatcaacttgcgtctccgcgtagcttcctcggctagcgtgcttgcaacaggtccctgcacta 
ttatcttcctgctttcctctgaattatgcggcaggcgagcgctcgctctggcgagcgctccttcgcg 
ccgccctcgctgatcgagtgtacagtcaatgaatggtgagctcttgttttccagaaggagttgctcc 
ttgagcctttcattctcagcctcgataacctccaaagccgctctaattgtggagggggttcgaaccg 
aatgctgcgtgaacgggaaggaggaggaga aagagtgagcagggagggattcagaaatgagaaatga 
gaggtgaaggaacgcatccctatgcccttgcaatggacagtgtttctggccaccgccaccaagactt 
cgtgtcctctgatcatcatgcgattgattacgttgaatgcgacggccggtcagccccggacctccac 
gcaccggtgctcctccaggaagatgcgcttgtcctccgccatcttgcagggctcaagctgctcccaa 
aactcttgggcgggttccggacggacggctaccgcgggtgcggccctgaccgccactgttcggaagc 
agcggcgctgcatgggcagcggccgctgcggtgcgccacggaccgcatgatccaccggaaaagcgca 
cgcgctggagcgcgcagaggaccacagagaagcggaagagacgccagtactggcaagcaggctggtc 
ggtgccatggcgcgctactaccctcgctatgactcgggtcctcggccggctggcggtgctgacaatt 
cgtttagtggagcagcgactccattcagctaccagtcgaactcagtggcacagtgactcccgctctt 
c 

Nucleotide sequence of CpSAD transit peptide fused 
to GarmFATAL ( G108A ) gene and 3X FLAG tag in ps25936 and ps26018 

SEQ ID NO : 47 
actagtATGgccaccgcatccactttctcggcgttcaatgcccgctgcggcgacctgcgtcgctcgg 
cgggctccgggccccggcgcccagcgaggcccctccccgtgcgcgggcgcgccatcCCCCcccgcat 
catcgtggtgtcctcctcctcctccaaggtgaaccccctgaagaccgaggccgtggtgtcctccggc 
ctggccgaccgcctgcgcctgggctccctgaccgaggacggcctgtcctacaaggagaagttcatcg 
tgcgctgctacgaggtgggcatcaacaagaccgccaccgtggagaccatcqccaacctgctqcaqqa 
ggtgggctgcaaccacgcccagtccgtgggctactccaccgccggcttctccaccacccccaccatg 
cgcaagctgcgcctgatctgggtgaccgcccgcatgcacatcgagatctacaagtaccccgcctggt 
ccgacgtggtggagatcgagtcctggggccagggcgagggcaagat 
cctgcgcgactacgccaccggccaggtgatcggccgcgccacctccaagtgggtgatgatgaaccag 
gacacccgccgcctgcagaaggtggacgtggacgtgcgcgacgagtacctggtgcactgcccccgcg 
agctgcgcctggccttccccgaggagaacaactcctccctgaagaagatctccaagctggaggaccc 
ctcccagtactccaagctgggcctggtgccccgccgcgccgacctggacatgaaccagcacgtgaac 
aacgtgacctacatcggctgggtgctggagtccatgccccaggagatcatcgacacccacgagctgc 
agaccatcaccctggactaccgccgcgagtgccagcacgacgacgtggtggactccctgacctcccc 
cgagccctccgaggacgccgaggccgtgttcaaccacaacggcaccaacggctccgccaacgtgtcc 
gccaacgaccacggctgccgcaacttcctgcacctgctgcgcctgtccggcaacggcctggagatca 
accgoggccgcaccgagtggcgcaagaagoccaccogcatggactacaacrgaccacgacqgcqacta 
caaggaccacgacatcgactacaaggacgacgacgacaag TGAatcgat 

Nucleotide sequence of CpSAD transit peptide fused 
to GarmFATA1 ( G96A , S111A ) gene and 3X FLAG tag in ps25991 and 
ps26026 

SEQ ID NO : 48 
actagtATGgccaccgcatccactttctcggcgttcaatgcccgctgcggcgacctgcgtcgctcgg 
gggctccgggccccggcgcccagcgaggcccctccccgtgcgcgggcgcgccatccccccccgcat 

catcgtggtgtcctcctcctcctccaaggtgaaccccctgaagaccgaggccgtggtgtcctccggc 
ctqgccqaccacctqcaoctqqqctccctqaccqaqqacqgcctatcctacaaqo 
tgcgctgctacgaggtgggcatcaacaagaccgccaccgtggagaccatcgccaacctgctgcagga 
ggtggcgtgcaaccacgcccagtccgtgggctactccaccggcggcttcgccaccacccccaccatg 
cgcaagctgcgcctgatctgggtgaccgcccgcatgcacatcgagatctacaagtaccccgcctggt 
ccgacgtggtggagatcgagtcctggggccagggcgagggcaagatcggcacccgccgcgactggat 
cctgcgcgactacgccaccggccaggtgatcggccgcgccacctccaagtgggtgatgatgaaccag 
gacacccgccgcctgcagaaggtggacgtggacgtgcgcgacgagtacctggtgcactgcccccgcg 
agctgcgcctggccttccccgaggagaacaactcctccctgaagaagatctccaagctggaggaccc 
ctcccagtactccaagctgggcctggtgccccgccgcgccgacctggacatgaaccagcacgtgaac 
aacgtgacctacatcggctgggtgctggagtccatgccccaggagatcatcgacacccacgagctgc 
agaccatcaccctggactaccgccgcgagtgccagcacgacgacgtggtggactccctgacctcccc 
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INFORMAL SEQUENCE LISTING 
cgagccctccgaggacgccgaggccgtgttcaaccacaacggcaccaacggctccgccaacgtgtcc 
gccaacgaccacggctgccgcaacttcctgcacctgctgcgcctgtccggcaacggcctggagatca 
accgoggccgcaccgagtggcgcaagaagoccacccgcatggactacaaggaccacgacqgcgacta 
caaggaccacgacatcgactacaaggacgacgacgacaag TGAatcgat 

Nucleotide sequence of CpSAD transit peptide fused 
to GarmFATAL ( G96A , V193A ) gene and 3X FLAG tag in ps25986 and 
pS26023 

SEQ ID NO : 49 
actagtATGgccaccgcatccactttctcggcgttcaatgcccgctgcggcgacctgcgtcgctcgg 
cgggctccgggccccggcgcccagcgaggcccctccccgtgcgcgggcgcgccatccccccccgcat 
catcgtggtgtcctcctcctcctccaaggtgaaccccctgaagaccgaggccgtggtgtcctccggc 
ctggccgaccgcctgcgcctgggctccctgaccgaggacggcctgtcctacaaggagaagttcatcg 
tgcgctgctacgaggtgggcatcaacaagaccgccaccgtggagaccatcgccaacctgctgcagga 
ggtggcgtgcaaccacgcccagtccgtgggctactccaccggcggcttctccaccacccccaccatg 
cgcaagctgcgcctgatctgggtgaccgcccgcatgcacatcgagatctacaagtaccccgcctggt 
ccgacgtggtggagatcgagtcctggggccagggcgagggcaagatcggcacccgccgcgactggat 
cctgcgcgactacgccaccggccaggtgatcggccgcgccacctccaagtgggtgatgatga accag 
gacacccgccgcctgcaga aggtggacgcggacgtgcgcgacgagtacctggtgcactgcccccgcg 
agctgcgcctggccttccccgaggagaacaactcctccctgaagaagatctccaagctggaggaccc 
ctcccagtactccaagctgggcctggtgccccgccgcgccgacctggacatgaaccagcacgtgaac 
aacgtgacctacatcggctgggtgctggagtccatgccccaggagatcatcgacacccacgagctgc 
agaccatcaccctggactaccgccgcgagtgccagcacgacgacgtggtggactccctgacctco 
cgagccctccgaggacgccgaggccgtgttcaaccacaacggcaccaacggctccgccaacgtgtcc 
gccaacgaccacggctgccgcaacttcctgcacctgctgcgcctgtccggcaacggcctggagatca 
accgcggccgcaccgagtggcgcaagaagcccacccgcatggactacaaggaccacgacggcgacta 
caacrgaccacgacatcgactacaaggacgacgacgacaagTGAatcgat 

Nucleotide sequence of CpSAD transit peptide fused 
to GarmFATAI ( G108A , S111A ) gene and 3X FLAG tag in psz5982 and 
ps26019 

SEQ ID NO : 50 
actagtATGgccaccgcatccactttctcggcgttcaatgcccgctgcggcgacctgcgtcgctcgg 
cgggctccgggccccggcgcccagcgaggcccctccccgtgcgcgggcgcgccatccccccccgcat 
catcgtggtgtcctcctcctcctccaaggtgaaccccctgaagaccgaggccgtggtgtcctccggc 
ctggccgaccgcctgcgcctgggctccctgaccgaggacggcctgtcctacaaggagaagttcatcg 
tgcgctgctacgaggtgggcatcaacaagaccgccaccgtggagaccatcgccaacctgctgcagga 
ggtgggctgcaaccacgcccagtccgtgggctactccaccgccggcttcgccaccacccccaccatg 
cgcaagctgcgcctgatctgggtgaccgcccgcatgcacatcgagatctacaagtaccccgcctggt 
ccgacgtggtggagatcgagtcctggggccagggcgagggcaagatcggcacccgccgcgactggat 
cctgcgcgactacgccaccggccaggtgatcggccgcgccacctccaagtgggtgatgatgaaccag 
gacacccgccgcctgcagaaggtggacgtggacgtgcgcgacgagtacctggtgcactgcccccgcg 
agctgcgcctggccttccccgaggagaacaactcctccctgaagaagatctccaagctggaggaccc 
ctcccagtactccaagctgggcctggtgccccgccgcgccgacctggacatgaaccagcacgtgaac 
aacgtgacctacatcggctgggtgctggagtccatgccccaggagatcatcgacacccacgagctgc 
agaccatcaccctggactaccgccgcgagtgccagcacgacgacgtggtggactccctgacctcccc 
cgagccctccgaggacgccgaggccgtgttcaaccacaacggcaccaacggctccgccaacgtgtcc 
gccaacgaccacggctgccgcaacttcctgcacctgctgcgcctgtccggcaacggcctggagatca 
accgcggccgcaccgagtggcgcaagaagcccacccgcatggactacaaggaccacgacggcgacta 
caaggaccacgacatcgactacaaggacgacgacgacaag TGAatcgat 

Nucleotide sequence of CpSAD transit peptide fused 
to GarmFATAI ( G108A , V193A ) gene and 3X FLAG tag in ps25983 and 
pS26020 

SEQ ID NO : 51 
actagtATGgccaccgcatccactttctcggcgttcaatgcccgctgcggcgacctgcgtcgctcgg 
cgggctccgggccccggcgcccagcgaggcccctccccgtgcgcgggcgcgccatccccccccgcat 
catcgtggtgtcctcctcctcctccaaggtgaaccccctgaagaccgaggccgtggtgtcctccggc 
ctggccgaccgcctgcgcctgggctccctgaccgaggacggcctgtcctacaaggagaagttcatcg 
tgcgctgctacgaggtgggcatcaacaagaccgccaccgtggagaccatcgccaacctgctgcagga 
ggtgggctgcaaccacgcccagtccgtgggctactccaccgco 
cgcaagctgcgcctgatctgggtgaccgcccgcatgcacatcgagatctacaagtaccccgcctggt 
ccgacgtggtggagatcgagtcctggggccagggcgagggcaagatcggcacccgccgcgactggat 
cctgcgcgactacgccaccggccaggtgatcggccgcgccacctccaagtgggtgatgatgaaccag 
gacacccgccgcctgcagaaggtggacgcggacgtgcgcgacgagtacctggtgcactgcccccgcg 
agctgcgcctggccttccccgaggagaacaactcctccctgaagaagatctccaagctggaggaccc 
ctcccagtactccaagctgggcctggtgccccgccgcgccgacctggacatgaaccagcacgtgaac 
aacgtgacctacatcggctgggtgctggagtccatgccccaggagatcatcgacacccacgagctgc 
agaccatcaccctggactaccgccgcgagtgccagcacgacgacgtggtggactccctgacctcccc 
cgagccctccgaggacgccgaggccgtgttcaaccacaacggcaccaacggctccgccaacgtgtcc 
gccaacgaccacggctgccgcaacttcctgcacctgctgcgcctgtccggcaacggcctggagatca 
accgcggccgcaccgagtggcgcaagaagcccacccgcatggactacaacrgaccacgacqgcqacta 
caacrgaccacgacatcgactacaaggacgacgacgacaag TGAatcgat 
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INFORMAL SEQUENCE LISTING 
Nucleotide sequence of CpSAD transit peptide fused 
to GarmFATAL ( G96A , G108A , S111A ) gene and 3X FLAG tag in psz6005 
and ps26028 

SEQ ID NO : 52 
actagtATGgccaccgcatccactttctcggcgttcaatgcccgctgcggcgacctgcgtcgctcgg 
cgggctccgggccccggcgcccagcgaggcccctccccgtgcgcgggcgcgccatccccccccgcat 
catcgtggtgtcctcctcctcctccaaggtgaaccccctgaagaccgaggccgtggtgtcctccggc 
ctggccgaccgcctgcgcctgggctccctgaccgaggacggcctgtcctacaaggagaagttcatcg 
tgcgctgctacgaggtgggcatcaacaagaccgccaccgtggagaccatcgccaacctgctgcagga 
ggtggcgtgcaaccacgcccagtccgtgggctactccaccgccggcttcgccaccacccccaccatg 
cgcaagctgcgcctgatctgggtgaccgcccgcatgcacatcgagatctacaagtaccccgcctggt 
ccgacgtggtggagatcgagtcctggggccagggcgagggcaagatcggcacccgccgcgactggat 
cctgcgcgactacgccaccggccaggtgatcggccgcgccacctccaagtgggtgatgatgaaccag 
gacacccgccgcctgcagaaggtggacgtggacgtgcgcgacgagtacctggtgcactgcccccgcg 
agctgcgcctggccttccccgaggagaacaactcctccctgaagaagatctccaagctggaggaccc 
ctcccagtactccaagctgggcctggtgccccgccgcgccgacctggacatgaaccagcacgtgaac 
aacgtgacctacatcggctgggtgctggagtccatgccccaggagatcatcgacacccacgagctgc 
agaccatcaccctggactaccgccgcgagtgccagcacgacgacgtggtggactccctgacctcccc 
cgagccctccgaggacgccgaggccgtgttcaaccacaacggcaccaacggctccgccaacgtgtcc 
gccaacgaccacggctgccgcaacttcctgcacctgctgcgcctgtccggcaacggcctggagatca 
accgoggccgcaccgagtggcgcaagaagoccaccogcatggactacaaggaccacgacggcgacta 
caaggaccacgacatcgactacaaggacgacgacgacaag TGAatcgat 

Nucleotide sequence of CpSAD transit peptide fused 
to GarmFATAL ( G96A , G108A , V193A ) gene and 3X FLAG tag in psZ5984 
and ps26021 

SEQ ID NO : 53 
actagtATGgccaccgcatccactttctcggcgttcaatgcccgctgcggcgacctgcgtcgctcgg 
cagqctccqaqccccqqcqcccagcgaggcccctccccgtgcgcgggcgcgccatccccccccgcat 
catcgtggtgtcctcctcctcctccaaggtgaaccccctgaagaccgaggccgtggtgtcctccggc 
ctggccgaccgcctgcgcctgggctccctgaccgaggacggcctgtcctacaaggagaagttcatcg 
tgcgctgctacgaggtgggcatcaacaagaccgccaccgtggagaccatcgccaacctgctgcagga 
ggtggcgtgcaaccacgcccagtccgtgggctactccaccgccggcttctccaccacccccaccatg 
cgcaagctgcgcctgatctgggtgaccgcccgcatgcacatcgagatctacaagtaccccgcctggt 
ccgacgtggtggagatcgagtcctggggccagggcgagggcaagatcggcacccgccgcgactggat 
cctgcgcgactacgccaccggccaggtgatcggccgcgccacctccaagtgggtgatgatgaaccag 
gacacccgccgcctgcagaaggtggacgcggacgtgcgcgacgagtacctggtgcactgcccccgcg 
agctgcgcctggccttccccgaggagaacaactcctccctgaagaagatctccaagctggaggaccc 
ctcccagtactccaagctgggcctggtgccccgccgcgccgacctggacatgaaccagcacgtgaac 
aacgtgacctacatcggctgggtgctggagtccatgccccaggagatcatcgacacccacgagctgc 
agaccatcaccctggactaccgccgcgagtgccagcacgacgacgtggtggactccctgacctcccc 
cgagccctccgaggacgccgaggccgtgttcaaccacaacggcaccaacggctccgccaacgtgtcc 
gccaacgaccacggctgccgcaacttcctgcacctgctgcgcctgtccggcaacggcctggagatca 
accgcggccgcaccgagtggcgcaagaagcccacccgcatggactacaaggaccacgacggcgacta 
caaggaccacgacatcgactacaaggacgacgacgacaag TGAatcgat 

Nucleotide sequence of CpSAD transit peptide fused 
to GarmFATAL ( G96A , S111A , V193A ) gene and 3X FLAG tag in ps26004 

SEQ ID NO : 54 
actagtATGgccaccgcatccactttctcggcgttcaatgcccgctgcggcgacctgcgtcgctcgg 
cgggctccgggccccggcgcccagcgaggcccctccccgtgcgcgggcgcgccatccccccccgcat 
catcgtggtgtcctcctcctcctccaaggtgaaccccctgaagaccgaggccgtggtgtcctccggc 
ctggccgaccgcctgcgcctgggctccctgaccgaggacggcctgtcctacaaggagaagttcatcq 
tgcgctgctacgaggtgggcatcaacaagaccgccaccgtggagaccatcgccaacctgctgcagga 
ggtggcgtgcaaccacgcccagtccgtgggctactccaccggcggcttcgccaccacccccaccatg 
cgcaagctgcgcctgatctgggtgaccgcccgcatgcacatcgagatctacaagtaccccgcctggt 
ccgacgtggtggagatcgagtcctggggccagggcgagggcaagatcggcacccgccgcgactggat 
cctgcgcgactacgccaccggccaggtgatcggccgcgccacctccaagtgggtgatgatgaaccag 
gacacccgccgcctgcagaaggtggacgcggacgtgcgcgacgagtacctggtgcactgcccccgcg 
agctgcgcctggccttccccgaggagaacaactcctccctgaagaagatctccaagctggaggaccc 
ctcccagtactccaagctgggcctggtgccccgccgcgccgacctggacatgaaccagcacgtgaac 
aacgtgacctacatcggctgggtgctggagtccatgccccaggagatcatcgacacccacgagctgc 
agaccatcaccctggactaccgccgcgagtgccagcacgacgacgtggtggactccctgacctcccc 
cqaqccctccgaggacgccgaggccgtgttcaaccacaacggcaccaacggc qocatqttcaaccacaacaqcaccaacaqctccqccaacatatcc 
gccaacgaccacggctgccgcaacttcctgcacctgctgcgcctgtccggcaacggcctggagatca 
accgcggccgcaccgagtggcgcaagaagcccacccgcatggactacaaggaccacgacggcgacta 
caacrgaccacgacatcgactacaaggacgacgacgacaagTGAatcgat 

Nucleotide sequence of CpSAD transit peptide fused 
to GarmFATAI ( G108A , S111A , V193A ) gene and 3X FLAG tag in ps25985 
and psz6022 

SEQ ID NO : 55 
actagtATGgccaccgcatccactttctcggcgttcaatgcccgctgcggcgacctgcgtcgctcgg 
cgggctccgggccccggcgcccagcgaggcccctccccgtgcgcgggcgcgccatccccccccgcat 
catcgtggtgtcctcctcctcctccaaggtgaaccccctgaagaccgaggccgtggtgtcctccggc 
ctggccgaccgcctgcgcctgggctccctgaccgaggacggcctgtcctacaaggagaagttcatcg 
tgcgctgctacgaggtgggcatcaacaagaccgccaccgtggagaccatcgccaacctgctgcagga 
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INFORMAL SEQUENCE LISTING 
ggtgggctgcaaccacgcccagtccgtgggctactccaccgccggcttcgccaccacccccaccatg 
cgcaagctgcgcctgatctgggtgaccgcccgcatgcacatcgagatctacaagtaccccgcctggt 
ccgacgtggtggagatcgagtcctggggccagggcgagggcaagatcggcacccgccgcgactggat 
cctgcgcgactacgccaccggccaggtgatcggccgcgccacctccaagtgggtgatgatga accag 
gacacccgccgcctgcagaaggtggacgcggacgtgcgcgacgagtacctggtgcactgcccccgcg 
agctgcgcctggccttccccgaggagaacaactcctccctgaagaagatctccaagctggaggaccc 
ctcccagtactccaagctgggcctggtgccccgccgcgccgacctggacatgaaccagcacgtgaac 
aacgtgacctacatcggctgggtgctggagtccatgccccaggagatcatcgacacccacgagctgc 
agaccatcaccctggactaccgccgcgagtgccagcacgacgacgtggtggactccctgacctcccc 
cgagccctccgaggacgccgaggccgtgttcaaccacaacggcaccaacggctccgccaacgtgtcc 
gccaacgaccacggctgccgcaacttcctgcacctgctgcgcctgtccggcaacggcctggagatca 
accgcggccgcaccgagtggcgcaagaagcccacccgcatggactacaaggaccacgacggcgacta 
caaggaccacgacatcgactacaaggacgacgacgacaag TGAatcgat 

Nucleotide sequence of CpSAD transit peptide fused 
to GarmFATAL ( G96A , G108A , S111A , V193A ) gene and 3X FLAG tag in 
ps25987 

SEQ ID NO : 56 
actagtATGgccaccgcatccactttctcggcgttcaatgcccgctgcggcgacctgcgtcgctcgg 
cgggctccgggccccggcgcccagcgaggcccctccccgtgcgcgggcgcgccatccccccccgcat 
catcgtggtgtcctcctcctcctccaaggtgaaccccctgaagaccgaggccgtggtgtcctccggc 
ctggccgaccgcctgcgcctgggctccctgaccgaggacggcctgtcctacaaggagaagttcatcg 
tgcgctgctacgaggtgggcatcaacaagaccgccaccgtggagaccatcgccaacctgctgcagga 
ggtggcgtgcaaccacgcccagtccgtgggctactccaccgccggcttcgccaccacccccaccatg 
cgcaagctgcgcctgatctgggtgaccgcccgcatgcacatcgagatctacaagtaccccgcctggt 
ccgacgtggtggagatcgagtcctggggccagggcgagggcaagatcggcacccgccgcgactggat 
cctgcgcgactacgccaccggccaggtgatcggccgcgccacctccaagtgggtgatgatgaaccag 
gacacccgccgcctgcagaaggtggacgcggacgtgcgcgacgagtacctggtgcactgcccccgcg 
agctgcgcctggccttccccgaggagaacaactcctccctgaagaagatctccaagctggaggaccc 
ctcccagtactccaagctgggcctggtgccccgccgcgccgacctggacatgaaccagcacgtgaac 
aacgtgacctacatcggctgggtgctggagtccatgccccaggagatcatcgacacccacgagctgc 
agaccatcaccctggactaccgccgcgagtgccagcacgacgacgtggtggactccctgacctcccc 
cgagccctccgaggacgccgaggccgtgttcaaccacaacggcaccaacggctccgccaacgtgtcc 
gccaacgaccacggctgccgcaacttcctgcacctgctgcgcctgtccggcaacggcctggagatca 
accgcggccgcaccgagtggcgcaagaagcccacccgcatggactacaaggaccacgacggcgacta 
caaggaccacgacatcgactacaaggacgacgacgacaag TGAatcgat 

Nucleotide sequence of PMACP - P1 promoter in psz6019 - pS26023 , PS26026 
and ps26028 

SEQ ID NO : 57 
Gaattegcctgctcaagcgggcgctcaacatgcagagcgtcagcgagacgggctgtggcgatcgcga 

gacggacgaggccgcctctgccctgtttgaactgagcgtcagcgctggctaaggggagggagactca 

tccccaggctcgcgccagggctctgatcccgtctcgggcggtgatcggcgcgcatgactacgaccca 

acgacgtacgagactgatgtcggtcccgacgaggagcgccgcgaggcactcccgggccaccgaccat 

gtttacaccgaccgaaagcactcgctcgtatccattccgtgcgcccgcacatgcatcatcttttggt 

accgacttcggtcttgttttacccctacgacctgccttccaaggtgtgagcaactcgcccggacatg | 

accgagggtgatcatccggatccccaggccccagcagcccctgccagaatggctcgcgctttccagc 

ctgcaggcccgtctcccaggtcgacgcaacctacatgaccaccccaatctgtcccagaccccaaaca 

ccctccttccctgcttctctgtgatcgctgatcagcaacalactagt 

SEQUENCE LISTING 

< 160 > NUMBER OF SEQ ID NOS : 75 

< 210 > SEQ ID NO 1 
< 211 > LENGTH : 415 

12 > TYPE : PRT 
< 213 > ORGANISM : Cuphea hookeriana 
A 
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< 400 > SEQUENCE : 1 
Met Val Ala Ala Ala Ala Ser Ser Ala Phe Phe Pro Val Pro Ala Pro 

15 

Gly Ala Ser Pro Lys Pro Gly Lys Phe Gly Asn Trp Pro Ser Ser Leu 
25 30 

Ser Pro Ser Phe Lys Pro Lys Ser Ile Pro Asn Gly Gly Phe Gin Val 
35 40 

Lys Ala Asn Asp Ser Ala His Pro Lys Ala Asn Gly Ser Ala Val Ser 
55 

Leu Lys Ser Gly Ser Leu Asn Thr Gin Glu Asp Thr Ser Ser Ser Pro 
65 75 80 

Pro Pro Arg Thr Phe Leu His Gin Leu Pro Asp Trp Ser Arg Leu Leu 
95 

Thr Ala Ile Thr Thr Val Phe Val Lys Ser Lys Arg Pro Asp Met His 
105 110 

Asp Arg Lys Ser Lys Arg Pro Asp Met Leu Val Asp Ser Phe Gly Leu 
115 120 

Glu Ser Thr Val Gin Asp Gly Leu Val Phe Arg Gin Ser Phe Ser Ile 
135 

Arg Ser Tyr Glu Ile Gly Thr Asp Arg Thr Ala Ser Ile Glu Thr Leu 
145 155 160 

Met Asn His Leu Gln Glu Thr Ser Leu Asn His Cys Lys Ser Thr Gly 
175 

Ile Leu Leu Asp Gly Phe Gly Arg Thr Leu Glu Met Cys Lys Arg Asp 
185 190 

Leu Ile Trp Val Val Ile Lys Met Gln Ile Lys Val Asn Ara Tyr Pro 
195 200 

Ala Trp Gly Asp Thr Val Glu Ile Asn Thr Arg Phe Ser Arg Leu Gly 
215 

Lys Ile Gly Met Gly Arg Asp Trp Leu Ile Ser Asp Cys Asn Thr Gly 
25 235 240 

Glu Ile Leu Val Ara Ala Thr Ser Ala Tyr Ala Met Met Asn Gln Lys 
255 

Thr Arg Arg Leu Ser Lys Leu Pro Tyr Glu Val His Gin Glu Ile Val 
265 270 

Pro Leu Phe Val Asp Ser Pro Val Ile Glu Asp Ser Asp Leu Lys Val 
275 280 

His Lys Phe Lys Val Lys Thr Gly Asp Ser Ile Gin Lys Gly Leu Thr 
295 

Pro Gly Trp Asn Asp Leu Asp Val Asn Gin His Val Ser Asn Val Lys 
305 315 320 

Tyr Ile Gly Trp Ile Leu Glu Ser Met Pro Thr Glu Val Leu Glu Thr 
335 

Gin Glu Leu Cys Ser Leu Ala Leu Glu Tyr Arg Arg Glu cys Gly Arg 
345 350 

Asp Ser Val Leu Glu Ser Val Thr Ala Met Asp Pro Ser Lys Val Gly 
355 360 

Val Arg Ser Gin Tyr in His Leu Leu Arg Leu Glu Asp Gly Thr Ala 
375 

Ile Val Asn Gly Ala Thr Glu Trp Arg Pro Lys Asn Ala Gly Ala Asn 
385 395 400 

Gly Ala Ile Ser Thr Gly Lys Thr Ser Asn Gly Asn Ser Val Ser 
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< 210 > SEQ ID NO 2 
< 211 > LENGTH : 1474 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Cuphea hookeriana 

< 400 > SEQUENCE : 2 
ctggatacca ttttccctgc gaaaaaacat ggtggctgct gcagcaagtt ccgcattctt 60 

ccctgttcca gccccgggag cctcccctaa acccgggaag ttcggaaatt ggccctcgag 120 

cttgagccct tccttcaagc ccaagtcaat ccccaatggc ggatttcagg ttaaggcaaa 180 

tgacagcgcc catccaaagg ctaacggttc tgcagttagt ctaaagtctg gcagcctcaa 240 

cactcaggag gacacttcgt cgtcccctcc tcctcggact ttccttcacc agttgcctga 300 

ttggagtagg cttctgactg caatcacgac cgtgttcgtg aaatctaaga ggcctgacat 360 

gcatgatcgg aaatccaaga ggcctgacat gctggtggac tcgtttgggt tggagagtac 420 
tgttcaggat gggctcgtgt tccgacagag tttttcgatt aggtcttatg aaataggcac 480 

tgatcgaacg gcctctatag agacacttat gaaccacttg caggaaacat ctctcaatca 540 
ttgtaagagt accggtattc tccttgacgg cttcggtcgt actcttgaga tgtgtaaaag 600 

ggacctcatt tgggtggtaa taaaaatgca gatcaaggtg aatcgctatc cagcttgggg 660 

cgatactgtc gagatcaata cccggttctc ccggttgggg aaaatcggta tgggtcgcga 720 

ttggctaata agtgattgca acacaggaga aattcttgta agagctacga gcgcgtatge 780 
catgatgaat caaaagacga gaagactctc aaaacttcca tacgaggttc accaggagat 840 

agtgcctctt tttgtcgact ctcctgtcat tgaagacagt gatctgaaag tgcataagtt 900 

taaagtgaag actggtgatt ccattcaaaa gggtctaact ccggggtgga atgacttgga 960 
tgtcaatcag cacgtaagca acgtgaagta cattgggtgg attctcgaga gtatgccaac 1020 

agaagttttg gagacccagg agctatgctc tctcgccctt gaatataggc gggaatgcgg 1080 
aagggacagt gtgctggagt ccgtgaccgc tatggatccc tcaaaagttg gagtccgttc 1140 
tcagtaccag caccttctgc ggcttgagga tgggactget atcgtgaacg gtgcaactga 1200 
gtggcggccg aagaatgcag gagctaacgg ggcgatatca acgggaaaga cttcaaatgg 1260 
aaactcggtc tcttagaagt gtctcggaac ccttccgaga tgtgcatttc ttttctcctt 1320 
ttcattttgt ggtgagctga aagaagagca tgtcgttgca atcagtaaat tgtgtagttc 1380 

gtttttcgct ttgcttcgct cctttgtata ataatatggt cagtcgtctt tgtatcattt 1440 

catgttttca gtttatttac gccatataat tttt 1474 

< 210 > SEQ ID NO 3 
< 211 > LENGTH : 447 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polypeptide 

NM OM 

< 400 > SEQUENCE : 3 
Met Ala Thr Ala Ser Thr Phe Ser Ala Phe Asn Ala Arg Cys Gly Asp 

15 Ala ser Thr Phe Ser Ala Phe Aen Ala Arg cys Gay Asp 
Leu Arg Arg Ser Ala Gly Ser Gly Pro Arg Arg Pro Ala Arg Pro Leu 

20 25 

Pro Val Arg Gly Arg Ala Ser Ser Leu Ser Pro Ser Phe Lys Pro Lys 
35 45 



US 10 , 246 , 728 B2 
77 

- continued 

Ser Ile Pro Asn Gly Gly Phe Gln Val Lys Ala Asn Asp Ser Ala His ser Ile Pro Aøn Gly Gly phe Gin Val Lys Ala Aon Aøp ser Ala His 
Pro Lys Ala Asn Gly Ser Ala Val Ser Leu Lys Ser Gly Ser Leu Asn 
65 75 

Thr Gin Glu Asp Thr Ser Ser Ser Pro Pro Pro Arg Thr Phe Leu His 
95 

Gin Leu Pro Asp Trp Ser Arg Leu Leu Thr Ala Ile Thr Thr Val Phe 
100 105 110 

Val Lys Ser Lys Arg Pro Asp Met His Asp Arg Lys Ser Lys Arg Pro 
115 120 125 

Asp Met Leu Val Asp Ser Phe Gly Leu Glu Ser Thr Val Gin Asp Gly 

Leu Val Phe Arg Gin Ser Phe Ser Ile Arg Ser Tyr Glu Ile Gly Thr 
145 155 

Asp Arq Thr Ala Ser Ile Glu Thr Leu Met Asn His Leu Gin Glu Thr 
175 

Ser Leu Asn His Cys Lys Ser Thr Gly Ile Leu Leu Asp Gly Phe Gly 
180 190 185 

Arg Thr Pro Glu Met Cys Lys Arg Asp Leu Ile Trp Val Val Ile Lys 
195 200 205 

Met Gin Ile Lys Val Asn Arg Tyr Pro Ala Trp Gly Asp Thr Val Glu 

Ile Asn Thr Arg Phe Ser Arg Leu Gly Lys Ile Gly Met Gly Arg Asp 
225 235 

Trp Leu Ile Ser Asp Cys Asn Thr Gly Glu Ile Leu Val Arg Ala Thr 
255 

Ser Ala Tyr Ala Met Met Asn Gln Lys Thr Ara Arq Leu Ser Lys Leu 
260 265 270 

Pro Tyr Glu Val His Gin Glu Ile Val Pro Leu Phe Val Asp Ser Pro 
275 280 285 

Val Ile Glu Asp Ser Asp Leu Lys Val His Lys Phe Lys Val Lys Thr 

Gly Asp Ser Ile Gin Lys Gly Leu Thr Pro Gly Trp Asn Asp Leu Asp 
305 315 

Val Asn Gin His Val Ser Asn Val Lys Tyr Ile Gly Trp Ile Leu Glu 
335 

Ser Met Pro Thr Glu Val Leu Glu Thr Gin Glu Leu Cys Ser Leu Ala 
340 345 350 

Leu Glu Tyr Arg Arg Glu Cys Gly Arg Asp Ser Val Leu Glu Ser Val 
355 360 365 

Thr Ala Met Asp Pro Ser Lys Val Gly Val Ara Ser Gin Tyr Gln His 

Leu Leu Arg Leu Glu Asp Gly Thr Ala Ile Val Asn Gly Ala Thr Glu 
385 395 

Trp Arg Pro Lys Asn Ala Gly Ala Asn Gly Ala Ile Ser Thr Gly Lys 
415 

Thr Ser Asn Gly Asn Ser Val Ser Met Asp Tyr Lys Asp His Asp Gly 
420 425 430 

Asp Tyr Lys Asp His Asp Ile Asp Tyr Lys Asp Asp Asp Asp Lys 
435 440 445 

< 210 > SEQ ID NO 4 
< 211 > LENGTH : 447 
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< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polypeptide 

< 400 > SEQUENCE : 4 

Met Ala Thr Ala Ser Thr Phe Ser Ala Phe Asn Ala Arg Cys Gly Asp 
10 

Leu Arg Arg Ser Ala Gly Ser Gly Pro Arg Arg Pro Ala Arg Pro Leu 
30 

Pro Val Arg Gly Arg Ala Ser Ser Leu Ser Pro Ser Phe Lys Pro Lys 
35 40 

Ser Ile Pro Asn Gly Gly Phe Gin Val Lys Ala Asn Asp Ser Ala His 

Pro Lys Ala Asn Gly Ser Ala Val Ser Leu Lys Ser Gly Ser Leu Asn 
65 

Thr Gin Glu Asp Thr Ser Ser Ser Pro Pro Pro Arg Thr Phe Leu His 
90 

Gin Leu Pro Asp Trp Ser Arg Leu Leu Thr Ala Ile Thr Thr Val Phe 
110 

Val Lys Ser Lys Arg Pro Asp Met His Asp Arg Lys Ser Lys Arg Pro 
115 120 

Asp Met Leu Val Asp Ser Phe Gly Leu Glu Ser Thr Val Gin Asp Gly 

Leu Val Phe Arg Gin Ser Phe Ser Ile Arg Ser Tyr Glu Ile Gly Thr 
145 150 

Asp Arq Thr Ala Ser Ile Glu Thr Leu Met Asn His Leu Gln Glu Thr 
170 

Ser Leu Asn His Cys Lys Ser Thr Gly Ile Leu Leu Asp Gly Phe Gly 
190 

Arg Thr Lys Glu Met Cys Lys Arg Asp Leu Ile Trp Val Val Ile Lys 
195 200 

Met Gin Ile Lys Val Asn Arg Tyr Pro Ala Trp Gly Asp Thr Val Glu 

Ile Asn Thr Arg Phe Ser Arg Leu Gly Lys Ile Gly Met Gly Arg Asp 
225 230 

Trp Leu Ile Ser Asp Cys Asn Thr Gly Glu Ile Leu Val Arg Ala Thr 
250 

Ser Ala Tyr Ala Met Met Asn Gin Lys Thr Arg Arg Leu Ser Lys Leu 
270 

Pro Tyr Glu Val His Gin Glu Ile Val Pro Leu Phe Val Asp Ser Pro 
275 280 

Val Ile Glu Asp Ser Asp Leu Lys Val His Lys Phe Lys Val Lys Thr 

Gly Asp Ser Ile Gin Lys Gly Leu Thr Pro Gly Trp Asn Asp Leu Asp 
305 310 320 

Val Asn Gin His Val Ser Asn Val Lys Tyr Ile Gly Trp Ile Leu Glu 
330 

Ser Met Pro Thr Glu Val Leu Glu Thr Gln Glu Leu Cys Ser Leu Ala 
350 

Leu Glu Tyr Arg Arg Glu Cys Gly Arg Asp Ser Val Leu Glu Ser Val 
355 360 

Thr Ala Met Asp Pro Ser Lys Val Gly Val Arg Ser Gin Tyr Gin His 
380 
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Leu Leu Arg Leu Glu Asp Gly Thr Ala Ile Val Asn Gly Ala Thr Glu 
385 395 400 

Trp Arg Pro Lys Asn Ala Gly Ala Asn ly Ala Ile Ser Thr Gly Lys 
415 

Thr Ser Asn Gly Asn Ser Val Ser Met Asp Tyr Lys Asp His Asp Gly 
420 425 430 

Asp Tyr Lys Asp His Asp Ile Asp Tyr Lys Asp Asp Asp Asp Lys 
435 445 

< 210 > SEQ ID NO 5 
< 211 > LENGTH : 447 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polypeptide 

< 400 > SEQUENCE : 5 
Met Ala Thr Ala Ser Thr Phe Ser Ala Phe Asn Ala Arg Cys Gly Asp 

10 15 

Leu Arg Arg Ser Ala Gly Ser Gly Pro Arg Arg Pro Ala Arg Pro Leu 
25 30 20 

Pro Val Arg Gly Arg Ala Ser Ser Leu Ser Pro Ser Phe Lys Pro Lys 
35 40 

Ser Ile Pro Asn Gly Gly Phe Gin Val Lys Ala Asn Asp Ser Ala His 

Pro Lys Ala Asn Gly Ser Ala Val Ser Leu Lys Ser Gly Ser Leu Asn 

Thr Gln Glu Asp Thr Ser Ser Ser Pro Pro Pro Ara Thr Phe Leu His 
85 95 90 

Gln Leu Pro Asp Trp Ser Arg Leu Leu Thr Ala Ile Thr Thr Val Phe 
100 105 110 

Val Lys Ser Lys Arg Pro Asp Met His Asp Arg Lys Ser Lys Arg Pro 
115 120 

Asp Met Leu Val Asp Ser Phe Gly Leu Glu Ser Thr Val Gin Asp Gly 

Leu Val Phe Arg Gin Ser Phe Ser Ile Arg Ser Tyr Glu Ile Gly Thr 

Asp Arq Thr Ala Ser Ile Glu Thr Leu Met Asn His Leu Gln Glu Thr 
165 170 175 

Ser Leu Asn His Cys Lys Ser Thr Gly Ile Leu Leu Asp Gly Phe Gly 
180 185 190 

Arg Thr Ala Glu Met Cys Lys Arg Asp Leu Ile Trp Val Val Ile Lys 
195 200 

Met Gin Ile Lys Val Asn Arg Tyr Pro Ala Trp Gly Asp Thr Val Glu 

Ile Asn Thr Arg Phe Ser Arg Leu Gly Lys Ile Gly Met Gly Arg Asp 
235 

Trp Leu Ile Ser Asp Cys Asn Thr Gly Glu Ile Leu Val Arg Ala Thr 
245 250 255 

Ser Ala Tyr Ala Met Met Asn Gin Lys Thr Arg Arg Leu Ser Lys Leu 
260 265 270 

Pro Tyr Glu Val His Gin Glu Ile Val Pro Leu Phe Val Asp Ser Pro 
275 280 

Val Ile Glu Asp Ser Asp Leu Lys Val His Lys Phe Lys Val Lys Thr 
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300 

Gly Asp Ser Ile Gin Lys Gly Leu Thr Pro Gly Trp Asn Asp Leu Asp 
305 320 

Val Asn Gln His Val Ser Asn Val Lys Tyr Ile Gly Trp Ile Leu Glu 
330 335 

Ser Met Pro Thr Glu Val Leu Glu Thr Gln Glu Leu Cys Ser Leu Ala 
340 345 350 

Leu Glu Tyr Arg Arg Glu Cys Gly Arg Asp Ser Val Leu Glu Ser Val 
355 360 365 

Thr Ala Met Asp Pro Ser Lys Val Gly Val Arg Ser Gin Tyr Gin His 

Leu Leu Arg Leu Glu Asp Gly Thr Ala Ile Val Asn Gly Ala Thr Glu 
385 400 

Trp Arq Pro Lys Asn Ala Gly Ala Asn Gly Ala Ile Ser Thr Gly Lys 
410 415 

Thr Ser Asn Gly Asn Ser Val Ser Met Asp Tyr Lys Asp His Asp Gly 
420 425 430 

Asp Tyr Lys Asp His Asp Ile Asp Tyr Lys Asp Asp Asp Asp Lys 
435 440 445 

< 210 > SEQ ID NO 6 
< 211 > LENGTH : 447 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polypeptide 

? 

??? 

< 400 > SEQUENCE : 6 

Met Ala Thr Ala Ser Thr Phe Ser Ala Phe Asn Ala Arg Cys Gly Asp 
15 

Leu Arg Arg Ser Ala Gly Ser Gly Pro Arg Arg Pro Ala Arg Pro Leu 

Pro Val Arg Gly Arg Ala Ser Ser Leu Ser Pro Ser Phe Lys Pro Lys 
35 45 

Ser Ile Pro Asn Gly Gly Phe Gin Val Lys Ala Asn Asp Ser Ala His 
55 

Pro Lys Ala Asn Gly Ser Ala Val Ser Leu Lys Ser Gly Ser Leu Asn 
70 

Thr Gln Glu Asp Thr Ser Ser Ser Pro Pro Pro Arq Thr Phe Leu His 
95 

Gln Leu Pro Asp Trp Ser Arg Leu Leu Thr Ala Ile Thr Thr Val Phe 

Val Lys Ser Lys Arg Pro Asp Met His Asp Arg Lys Ser Lys Arg Pro 
115 125 

Asp Met Leu Val Asp Ser Phe Gly Leu Glu Ser Thr Val Gin Asp Gly 
135 

Leu Val Phe Arg Gln Ser Phe Ser Ile Arq Ser Tyr Glu Ile Gly Thr 
150 

Asp Arg Thr Ala Ser Ile Glu Thr Leu Met Asn Tyr Leu Gin Glu Thr 
175 

Ser Leu Asn His Cys Lys Ser Thr Gly Ile Leu Leu Asp Gly Phe Gly 

Arg Thr Leu Glu Met Cys Lys Arg Asp Leu Ile Trp Val Val Ile Lys 
195 205 
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Met Gin Ile Lys Val Asn Arg Tyr Pro Ala Trp Gly Asp Thr Val Glu 

220 
Ile Asn Thr Arg Phe Ser Arg Leu Gly Lys Ile Gly Met Gly Arg Asp 
225 235 

Trp Leu Ile Ser Asp Cys Asn Thr Gly Glu Ile Leu Val Arg Ala Thr 
255 

Ser Ala Tyr Ala Met Met Asn Gin Lys Thr Arg Arg Leu Ser Lys Leu 
265 270 

Pro Tyr Glu Val His Gin Glu Ile Val Pro Leu Phe Val Asp Ser Pro 
275 280 285 

Val Ile Glu Asp Ser Asp Leu Lys Val His Lys Phe Lys Val Lys Thr 

Gly Asp Ser Ile Gin Lys Gly Leu Thr Pro Gly Trp Asn Asp Leu Asp 
305 315 

Val Asn Gin His Val Ser Asn Val Lys Tyr Ile Gly Trp Ile Leu Glu 
335 

Ser Met Pro Thr Glu Val Leu Glu Thr Gln Glu Leu Cys Ser Leu Ala 
345 350 

Leu Glu Tyr Arg Arg Glu Cys Gly Arg Asp Ser Val Leu Glu Ser Val 
355 360 365 

Thr Ala Met Asp Pro Ser Lys Val Gly Val Arg Ser Gin Tyr Gin His 

Leu Leu Arg Leu Glu Asp Gly Thr Ala Ile Val Asn Gly Ala Thr Glu 
385 395 

Trp Arg Pro Lys Asn Ala Gly Ala Asn Gly Ala Ile Ser Thr Gly Lys 
415 

Thr Ser Asn Gly Asn Ser Val Ser Met Asp Tyr Lys Asp His Asp Gly 
425 430 

Asp Tyr Lys Asp His Asp Ile Asp Tyr Lys Asp Asp Asp Asp Lys 
435 440 445 

< 210 > SEQ ID NO 7 
< 211 > LENGTH : 447 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polypeptide 
NNN NN EPP WoWNA 

< 400 > SEQUENCE : 7 

Met Ala Thr Ala Ser Thr Phe Ser Ala Phe Asn Ala Arg Cys Gly Asp a ser Thr Phe ser Ala phe Asn Ala Arg cys Gly Asp 
Leu Arg Arg Ser Ala Gly Ser Gly Pro Arg Arg Pro Ala Arg Pro Leu 

20 25 30 

Pro Val Arg Gly Arg Ala Ser Ser Leu Ser Pro Ser Phe Lys Pro Lys 
35 40 

Ser Ile Pro Asn Gly Gly Phe Gin Val Lys Ala Asn Asp Ser Ala His 

Pro Lys Ala Asn Gly Ser Ala Val Ser Leu Lys Ser Gly Ser Leu Asn 
65 70 

Thr Gin Glu Asp Thr Ser Ser Ser Pro Pro Pro Arg Thr Phe Leu His 

Gin Leu Pro Asp Trp Ser Arg Leu Leu Thr Ala Ile Thr Thr Val Phe 
100 105 110 

Val Lys Ser Lys Arg Pro Asp Met His Asp Arg Lys Ser Lys Arg Pro 
115 120 
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Asp Met Leu Val Asp Ser Phe Gly Leu Glu Ser Thr Val Gin Asp Gly 

Leu Val Phe Arg Gin Ser Phe Ser Ile Arg Ser Tyr Glu Ile Gly Thr 
150 155 160 

Asp Arq Thr Ala Ser Ile Glu Thr Leu Met Asn Phe Leu Gin Glu Thr 
170 175 

Ser Leu Asn His Cys Lys Ser Thr Gly Ile Leu Leu Asp Gly Phe Gly 
190 

Arg Thr Leu Glu Met Cys Lys Arg Asp Leu Ile Trp Val Val Ile Lys 
195 200 205 

Met Gin Ile Lys Val Asn Arg Tyr Pro Ala Trp Gly Asp Thr Val Glu 

Ile Asn Thr Arg Phe Ser Arg Leu Gly Lys Ile Gly Met Gly Arg Asp 
235 240 230 

Trp Leu Ile Ser Asp Cys Asn Thr Gly Glu Ile Leu Val Arg Ala Thr 
250 255 

Ser Ala Tyr Ala Met Met Asn Gln Lys Thr Arg Arg Leu Ser Lys Leu 
270 

Pro Tyr Glu Val His Gin Glu Ile Val Pro Leu Phe Val Asp Ser Pro 
275 280 285 

Val Ile Glu Asp Ser Asp Leu Lys Val His Lys Phe Lys Val Lys Thr 

Gly Asp Ser Ile Gin Lys Gly Leu Thr Pro Gly Trp Asn Asp Leu Asp 
310 315 320 

Val Asn Gin His Val Ser Asn Val Lys Tyr Ile Gly Trp Ile Leu Glu 
330 335 

Ser Met Pro Thr Glu Val Leu Glu Thr Gln Glu Leu Cys Ser Leu Ala 
350 

Leu Glu Tyr Arg Arg Glu Cys Gly Arg Asp Ser Val Leu Glu Ser Val 
355 360 365 

Thr Ala Met Asp Pro Ser Lys Val Gly Val Ara Ser Gin Tyr Gln His 

Leu Leu Arg Leu Glu Asp Gly Thr Ala Ile Val Asn Gly Ala Thr Glu 
390 395 400 

Trp Arq Pro Lys Asn Ala Gly Ala Asn Gly Ala Ile Ser Thr Gly Lys 
410 415 

Thr Ser Asn Gly Asn Ser Val Ser Met Asp Tyr Lys Asp His Asp Gly 
430 

Asp Tyr Lys Asp His Asp Ile Asp Tyr Lys Asp Asp Asp Asp Lys 
435 440 445 

< 210 > SEQ ID NO 8 
< 211 > LENGTH : 447 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polypeptide 

< 400 > SEQUENCE : 8 

Met Ala Thr Ala Ser Thr Phe Ser Ala Phe Asn Ala Arg Cys Gly Asp 
10 15 

Leu Arg Arg Ser Ala Gly Ser Gly Pro Arg Arg Pro Ala Arg Pro Leu 
20 25 30 

Pro Val Arg Gly Arg Ala Ser Ser Leu Ser Pro Ser Phe Lys Pro Lys 
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35 40 45 

Ser Ile Pro Asn Gly Gly Phe Gin Val Lys Ala Asn Asp Ser Ala His 

Pro Lys Ala Asn Gly Ser Ala Val Ser Leu Lys Ser Gly Ser Leu Asn 
75 70 80 

Thr Gin Glu Asp Thr Ser Ser Ser Pro Pro Pro Arg Thr Phe Leu His 
90 95 

Gin Leu Pro Asp Trp Ser Arg Leu Leu Thr Ala Ile Thr Thr Val Phe 
100 110 

Val Lys Ser Lys Arg Pro Asp Met His Asp Arg Lys Ser Lys Arg Pro 
115 120 

Asp Met Leu Val Asp Ser Phe Gly Leu Glu Ser Thr Val Gin Asp Gly 

Leu Val Phe Arg Gin Ser Phe Ser Ile Arg Ser Tyr Glu Ile Gly Thr 
150 155 160 

Asp Arq Thr Ala Ser Ile Glu Thr Leu Met Asn His Leu Gin Glu Thr 
170 175 

Ser Leu Asn His Cys Lys Ser Thr Gly Ile Leu Leu Asp Gly Phe Gly 
180 190 

Arg Thr Leu Glu Met Cys Lys Arg Asp Leu Ile Trp Val Val Ile Lys 
195 200 

Met Gin Ile Lys Val Asn Arg Tyr Pro Ala Trp Gly Asp Thr Val Glu 

Ile Asn Thr Arg Phe Ser Arg Leu Gly Lys Ile Gly Met Gly Arg Asp 
230 235 240 

Trp Leu Ile Ser Asp Cys Asn Thr Gly Glu Ile Leu Val Arg Ala Thr 
250 255 

Ser Ala Tyr Ala Met Met Asn Gin Lys Thr Arg Arg Leu Ser Lys Leu 
260 270 

Pro Tyr Glu Val His Gin Glu Ile Val Pro Leu Phe Val Asp Ser Pro 
275 280 

Val Ile Glu Asp Ser Asp Leu Lys Val His Lys Phe Lys Val Lys Thr 

Gly Asp Ser Ile Gin Lys Gly Leu Thr Pro Gly Trp Asn Asp Leu Asp 
310 315 320 

Val Asn Gin His Val Ser Asn Val Lys Tyr Ile Gly Trp Ile Leu Glu 
330 335 

Ser Met Pro Thr Glu Val Leu Glu Thr Gln Glu Leu Cys Ser Leu Ala 
340 350 

Leu Glu Tyr Arg Arg Glu Cys Gly Arg Asp Ser Val Leu Glu Ser Val 
355 360 

Thr Ala Met Asp Pro Ser Lys Val Gly Val Arg Ser Gin Tyr Gin His 

Leu Leu Arg Leu Glu Asp Gly Thr Ala Ile Val Asn Gly Ala Thr Glu 
390 395 400 

Trp Arg Pro Lys Asn Ala Gly Ala Asn Gly Ala Ile Ser Thr Gly Lys 
410 415 

Thr Ser Asn Gly Asn Ser Val Ser Met Asp Tyr Lys Asp His Asp Gly 
430 420 

Asp Tyr Lys Asp His Asp Ile Asp Tyr Lys Asp Asp Asp Asp Lys 
435 440 

< 210 > SEO ID NO 9 
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< 211 > LENGTH : 6075 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polynucleotide 
? ??? NM OM 

< 400 > SEQUENCE : 9 

ccctcaactg cgacgctggg aaccttctcc gggcaggcga tgtgcgtggg tttgcctcct 60 

tggcacggct ctacaccgtc gagtacgcca tgaggcggtg atggctgtgt cggttgccac 120 

ttcgtccaga gacggcaagt cgtccatcct ctgcgtgtgt ggcgcgacgc tgcagcagtc 180 

cctctgcago agatgagcgt gactttggcc atttcacgca ctcgagtgta cacaatccat 240 

ttttcttaaa gcaaatgact gctgattgac cagatactgt aacgctgatt tcgctccaga 300 

tcgcacagat agcgaccatg ttgctgcgtc tgaaaatctg gattccgaat tcgaccctgg 360 
cgctccatcc atgcaacaga tggcgacact tgttacaatt cctgtcaccc atcggcatgg 420 

agcaggtcca cttagattcc cgatcaccca cgcacatctc gctaatagtc attcgttcgt 480 

gtcttcgatc aatctcaagt gagtgtgcat ggatcttggt tgacgatgcg gtatgggttt 540 
gcgccgctgg ctgcagggtc tgcccaaggc aagctaaccc agctcctctc cccgacaata 600 

ctctcgcagg caaagccggt cacttgcctt ccagattgcc aataaactca attatggcct 660 

ctgtcatgcc atccatgggt ctgatgaatg gtcacgctcg tgtcctgacc gttccccagc 720 

ctctggcgtc ccctgccccg cccaccagcc cacgccgcgc ggcagtcgct gccaaggctg 780 
tctcggaggt accctttctt gcgctatgac acttccagca aaaggtaggg cgggctgcga 840 
gacggcttcc cggcgctgca tgcaacaccg atgatgcttc gaccccccga agctccttcg 900 

gggctgcatg ggcgctccga tgccgctcca gggcgagcgc tgtttaaata gccaggcccc 960 
cgattgcaaa gacattatag cgagctacca aagccatatt caaacaccta gatcactacc 1020 
acttctacac aggccactcg agcttgtgat cgcactccgc taagggggcg cctcttcctc 1080 

ttcgtttcag tcacaacccg caaactctag aatatcaatg atcgagcagg acggcctcca 1140 
cgccggctcc cccgccgcct gggtggagcg cctgttcggc tacgactggg cccagcagac 1200 

catcggctgc tccgacgccg ccgtgttccg cctgtccgcc cagggccgcc ccgtgctgtt 1260 
cgtgaagacc gacctgtccg gcgccctgaa cgagctgcag gacgaggccg cccgcctgtc 1320 

ctggctggcc accaccggcg tgccctgcgc cgccgtgctg gacgtggtga ccgaggccgg 1380 
ccgcgactgg ctgctgctgg gcgaggtgcc cggccaggac ctgctgtcct cccacctggc 1440 
ccccgccgag aaggtgtcca tcatggccga cgccatgcgc cgcctgcaca ccctggaccc 1500 

cgccacctgc cccttcgacc accaggccaa gcaccgcatc gagcgcgccc gcacccgcat 1560 
ggaggccggc ctggtggacc aggacgacct ggacgaggag caccagggcc tggcccccgc 1620 
cgagctgttc gcccgcctga aggcccgcat gcccgacggc gaggacctgg tggtgaccca 1680 
cggcgacgcc tgcctgccca acatcatggt ggagaacggc cgcttctccg gottcatcga 1740 

ctgcggccgc ctgggcgtgg ccgaccgcta ccaggacatc gccctggcca cccgcgacat 1800 

cgccgaggag ctgggcggcg agtgggccga ccgcttcctg gtgctgtacg gcatcgccgc 1860 

ccccgactcc cagcgcatcg ccttctaccg cctgctggac gagttcttct gacaattgac 1920 
gcccgcgcgg cgcacctgac ctgttctctc gagggcgcct gttctgcctt gcgaaacaag 1980 

cccctggagc atgcgtgcat gatcgtctct ggcgccccgc cgcgcggttt gtcgccctcg 2040 
cgggcgccgc ggccgcgggg gcgcattgaa attgttgcaa accccacctg acagattgag 2100 
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ggcccaggca ggaaggcgtt gagatggagg tacaggagtc aagtaactga aagtttttat 2160 
gataactaacaacaaagggt cgtttctggc cagcgaatga caagaacaag attccacatt 2220 

tccgtgtaga ggcttgccat cgaatgtgag cgggcgggcc gcggacccga caaaaccctt 2280 

acgacgtggt aagaaaaacg tggcgggcac tgtccctgta gcctgaagac cagcaggaga 2340 

cgat cggaag catcacagca caggatcccg cgtctcgaac agagcgcgca gaggaacgct 2400 
gaaggtctcg cctctgtcgc acctcagcgc ggcatacacc acaataacca cctgacgaat 2460 
gcgcttggtt cttcgtccat tagcgaagcg tccggttcac acacgtgcca cgttggcgag 2520 

gtggcaggtg acaatgatcg gtggagctga tggtcgaaac gttcacagcc tagggatatc 2580 
atagcgactg ctaccccccg accatgtgcc gaggcagaaa ttatatacaa gaagcagato 2640 
gcaattaggc acatcgcttt gcattatcca cacactattc atcgctgctg cggcaaggct 2700 
gcagagtgta tttttgtggc ccaggagctg agtccgaagt cgacgcgacg agcggcgcag 2760 
gatccgaccc ctagacgagc actgtcattt tccaagcacg cagctaaatg cgctgagacc 2820 
gggtctaaat catccgaaaa gtgtcaaaat ggccgattgg gttcgcctag gacaatgcgc 2880 
tgcggattcg ctcgagtocg ctgccggcca aaaggcggtg gtacaggaag gcgcacgggg 2940 
ccaaccctgc gaagccgggg goccgaacgc cgaccgccgg ccttcgatct cgggtgtccc 3000 
cctcgtcaat ttcctctctc gggtgcagcc acgaaagtcg tgacgcaggt cacgaaatcc 3060 

ggttacgaaa aacgcaggtc ttcgcaaaaa cgtgagggtt tcgcgtctcg ccctagctat 3120 
togtatcgcc gggtcagacc cacgtgcaga aaagcccttg aataacccgg gaccgtggtt 3180 

accgcgccgc ctgcaccagg gggcttatat aagcccacac cacacctgtc tcaccacgca 3240 
tttctccaac tcgcgacttt tcggaagaaa ttgttatcca cctagtatag actgccacct 3300 

3360 gcaggacctt gtgtcttgca gtttgtattg gtcccggccg tcgagcacga cagatctggg 
ctagggttgg cctggccgct cggcactccc ctttagccgc gcgcatccgc gttccagagg 3420 
tgcgattcgg tgtgtggagc attgtcatgc gottgtgggg gtcgttccgt gcgcggcggg 3480 
tccgccatgg gcgccgacct gggccctagg gtttgttttc gggccaagcg agcccctctc 3540 
acctcgtcgc ccccccgcat tccctctctc ttgcagccac tagtaacaat ggccaccgca 3600 
tccactttct cggcgttcaa tgcccgctgc ggcgacctgc gtcgctcggc gggctccggg 3660 
ccccggcgcc cagcgaggcc cctccccgtg cgcgggcgcg cctccagcct gagcccctcc 3720 
ttcaagccca agtccatccc caacggcggc ttccaggtga aggccaacga cagcgcccac 3780 

cccaaggcca acggctccgc cgtgagcctg aagagcggca gcctgaacac ccaggaggac 3840 
acctcctcca gccccccccc ccgcaccttc ctgcaccagc tgcccgactg gagccgcctg 3900 
ctgaccgcca tcaccaccgt gttcgtgaag tocaagcgcc ccgacatgca cgaccgcaag 3960 
tccaagcgcc cogacatgct ggtggacagc ttcggcctgg agtccaccgt gcaggacggc 4020 

ctggtgttcc gccagtcctt ctccatccgc tcctacgaga tcggcaccga ccgcaccgcc 4080 

agcatcgaga ccctgatgaa ccacctgcag gagacctccc tgaaccactg caagagcacc 4140 
ggcatcctgc tggacggctt cggccgcacc ctggagatgt gcaagcgcga cctgatctgg 4200 
gtggtgatca agatgcagat caaggtgaac cgctaccccg cctggggcga caccgtggag 4260 

atcaacaccc gottcagccg cctgggcaag atcggcatgg gccgcgactg gctgatctcc 4320 
gactgcaaca ccggcgagat cctggtgcgc gccaccagcg cctacgccat gatgaaccag 4380 
aagacccgcc gcctgtccaa gctgccctac gaggtgcacc aggagatcgt gcccctgttc 4440 

gtggacagcc ccgtgatcga ggactccgac ctgaaggtgc acaagttcaa ggtgaagacc 4500 
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ggcgacagca tccagaaggg cctgaccccc ggctggaacg acctggacgt gaaccagcac 4560 
gtgtccaacg tgaagtacat cggctggatc ctggagagca tgcccaccga ggtgctggag 4620 
acccaggagc tgtgctccct ggccctggag taccgccgcg agtgcggccg cgactccgtg 4680 
ctggagagcg tgaccgccat ggaccccagc aaggtgggcg tgcgctccca gtaccagcac 4740 
ctgctgcgcc tggaggacgg caccgccatc gtgaacggcg ccaccgagtg gcgccccaag 4800 
aacgccggcg ccaacggcgc catctccacc ggcaagacca gcaacggcaa ctccgtgtcc 4860 

atggactaca aggaccacga cggcgactac aaggaccacg acatcgacta caaggacgac 4920 

gacgacaagt gactcgaggc agcagcagct cggatagtat cgacacactc tggacgctgg 4980 

togtgtgatg gactgttgcc gccacacttg ctgccttgac ctgtgaatat ccctgccgct 5040 

tttatcaaac agcctcagtg tgtttgatct tgtgtgtacg cgcttttgcg agttgctagc 5100 
tgcttgtgct atttgcgaat accaccccca gcatcccctt ccctcgtttc atatcgcttg 5160 
catcccaacc gcaacttatt tacgctgtcc tgctatccct cagcgctgct cctgctcctg 5220 

ctcactgccc ctcgcacagc cttggtttgg gctccgcctg tattctcctg gtactgcaac 5280 

ctgtaaacca gcactgcaat gctgatgcac gggaagtagt gggatgggaa cacaaatgga 5340 
aagctgtata gggataacag ggtaatgagc tccagcgcca tgccacgccc tttgatggct 5400 
tcaagtacga ttacggtgtt ggattgtgtg tttgttgcgt agtgtgcatg gtttagaata 5460 
atacacttga tttcttgctc acggcaatct cggcttgtcc gcaggttcaa ccccatttcg 5520 
gagtctcagg tcagccgcgc aatgaccagc cgctacttca aggacttgca cgacaacgcc 5580 

gaggtgagct atgtttagga cttgattgga aattgtcgtc gacgcatatt cgcgctccgc 5640 

gacagcaccc aagcaaaatg tcaagtgcgt tocgatttgc gtccgcaggt cgatgttgtg 5700 
atcgtcggcg ccggatccgc cggtctgtcc tgcgcttacg agctgaccaa gcaccctgac 5760 
gtccgggtac gcgagctgag attcgattag acataaattg aagattaaac ccgtagaaaa 5820 
atttgatggt cgcgaaactg tgctcgattg caagaaattg atcgtcctcc actccgcagg 5880 
tcgccatcat cgagcagggc gttgctcccg goggcggcgc ctggctgggg ggacagctgt 5940 

tctcggccat gtgtgtacgt agaaggatga atttcagctg gttttcgttg cacagctgtt 6000 

tgtgcatgat ttgtttcaga ctattgttga atgtttttag atttcttagg atgcatgatt 6060 
tgtctgcatg cgact 6075 

< 210 > SEQ ID NO 10 
< 211 > LENGTH : 444 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polypeptide 

< 400 > SEQUENCE : 10 
Met Ala Thr Ala Ser Thr Phe Ser Ala Phe Asn Ala Arg Cys Gly Asp 

10 15 

Leu Arg Arg Ser Ala Gly Ser Gly Pro Arg Arg Pro Ala Arg Pro Leu 
25 30 

Pro Val Arg Gly Arg Ala Ser Ser Ser Leu Ser Pro Ser Leu Lys Pro 
35 40 

Lys Ser Ile Pro Asn Gly Gly Phe Gin Val Lys Ala Asn Ala Ser Ala 
55 

His Pro Lys Ala Asn Gly Ser Ala Val Thr Leu Lys Ser Gly Ser Leu 
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75 80 

Asn Thr Gln Glu Asp Thr Leu Ser Ser Ser Pro Pro Pro Arq Ala Phe 
90 

Phe Asn Gin Leu Pro Asp Trp Ser Met Leu Leu Thr Ala Ile Thr Thr 
100 105 110 

Val Phe Val Ala Pro Glu Lys Arg Trp Thr Met Phe Asp Arg Lys Ser 
115 120 

Lys Arg Pro Asn Met Leu Met Asp Ser Phe Gly Leu Glu Arg Val Val 
135 

Gin Asp Gly Leu Val Phe Arg Gin Ser Phe Ser Ile Arg Ser Tyr Glu 
155 160 

Ile Cys Ala Asp Arg Thr Ala Ser Ile Glu Thr Val Met Asn His Val 
170 

Gin Glu Thr Ser Leu Asn Gin Cys Lys Ser Ile Gly Leu Leu Asp Asp 
180 185 190 

Gly Phe Gly Arg Ser Pro Glu Met Cys Lys Arg Asp Leu Ile Trp Val 
195 200 

Val Thr Arg Met Lys Ile Met Val Asn Arg Tyr Pro Thr Trp Gly Asp 
215 

Thr Ile Glu Val Ser Thr Trp Leu Ser Gin Ser Gly Lys Ile Gly Met 
235 240 

Gly Arg Asp Trp Leu Ile Ser Asp Cys Asn Thr Gly Glu Ile Leu Val 
250 

Arg Ala Thr Ser Val Tyr Ala Met Met Asn Gin Lys Thr Arg Arg Phe 
260 265 270 

Ser Lys Leu Pro His Glu Val Art Gln Glu Phe Ala Pro His Phe Leu 
275 280 

Asp Ser Pro Pro Ala Ile Glu Asp Asn Asp Gly Lys Leu Gin Lys Phe 
295 

Asp Val Lys Thr Gly Asp Ser Ile Arg Lys Gly Leu Thr Pro Gly Trp 
315 320 

Tyr Asp Leu Asp Val Asn Gin His Val Ser Asn Val Lys Tyr Ile Gly 
330 

Trp Ile Leu Glu Ser Met Pro Thr Glu Val Leu Glu Thr Gin Glu Leu 
345 350 340 

Cys Ser Leu Thr Leu Glu Tyr Arg Arg Glu Cys Gly Arg Asp Ser Val 
355 360 

Leu Glu Ser Val Thr Ser Met Asp Pro Ser Lys Val Gly Asp Arg Phe 
375 

Gin Tyr Arg His Leu Leu Arg Leu Glu Asp Gly Ala Asp Ile Met Lys 
395 400 

Gly Arg Thr Glu Trp Arg Pro Lys Asn Ala Gly Thr Asn Gly Ala Ile 
410 

Ser Thr Gly Lys Thr Met Asp Tyr Lys Asp His Asp Gly Asp Tyr Lys 
420 425 430 

Asp His Asp Ile Asp Tyr Lys Asp Asp Asp Asp Lys 
435 440 

< 210 > SEQ ID NO 11 
< 211 > LENGTH : 447 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polypeptide 
N NAP OWN 
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< 400 > SEQUENCE : 11 
Met Ala Thr Ala Ser Thr Phe Ser Ala Phe Asn Ala Arg Cys Gly Asp 

Leu Arg Arg Ser Ala Gly Ser Gly Pro Arg Arg Pro Ala Arg Pro Leu 
25 

Pro Val Arg Gly Arg Ala Ser Ser Leu Ser Pro Ser Phe Lys Pro Lys 
35 40 

Ser Ile Pro Asn Gly Gly Phe Gin Val Lys Ala Asn Asp Ser Ala His 

Pro Lys Ala Asn Gly Ser Ala Val Ser Leu Lys Ser Gly Ser Leu Asn 
75 

Thr Gin Glu Asp Thr Ser Ser Ser Pro Pro Pro Arg Thr Phe Leu His 

Gln Leu Pro Asp Trp Ser Arg Leu Leu Thr Ala Ile Thr Thr Val Phe 
105 

Val Lys Ser Lys Arg Pro Asp Met His Asp Arg Lys Ser Lys Arg Pro 
115 120 

Asp Met Leu Val Asp Ser Phe Gly Leu Glu Ser Thr Val Gln Asp Gly 

Leu Val Phe Arg Gln Ser Phe Ser Ile Arq Ser Tyr Glu Ile Gly Thr 
155 

Asp Arq Thr Ala Ser Ile Glu Thr Leu Met Asn His Leu Gln Glu Thr 

Ser Leu Asn His Cys Lys Ser Thr Gly Ile Leu Leu Asp Gly Phe Gly 
185 

Arg Thr Leu Glu Met Cys Lys Arg Asp Leu Ile Trp Val Val Ile Lys 
195 200 

Met Gln Ile Lys Val Asn Arg Tyr Pro Ala Trp Gly Asp Thr Val Glu 

Ile Asn Thr Arg Phe Ser Arg Leu Gly Lys Ile Gly Met Gly Arg Asp 
235 

Trp Leu Ile Ser Asp Cys Asn Thr Gly Glu Ile Leu Val Arg Ala Thr 

Ser Ala Tyr Ala Met Met Asn Gin Lys Thr Arg Arg Leu Ser Lys Leu 
265 

Pro Tyr Glu Val His Gin Glu Ile Val Pro Leu Phe Val Asp Ser Pro 
275 280 

Val Ile Glu Asp Ser Asp Leu Lys Val His Lys Phe Lys Val Lys Thr 

Gly Asp Ser Ile Gin Lys Gly Leu Thr Pro Gly Trp Asn Asp Leu Asp 
315 

Val Asn Gin His Val Ser Asn Val Lys Tyr Ile Gly Trp Ile Leu Glu 

Ser Met Pro Thr Glu Val Leu Glu Thr Gin Glu Leu Cys Ser Leu Ala 
345 

Leu Glu Tyr Arg Arg Glu Cys Gly Arg Asp Ser Val Leu Glu Ser Val 
355 360 

Thr Ala Met Asp Pro Ser Lys Val Gly Val Arg Ser Gin Tyr Gin His 

Leu Leu Arg Leu Glu Asp Gly Thr Ala Ile Val Asn Gly Ala Thr Glu 
395 400 

Trp Arg Pro Lys Asn Ala Gly Ala Asn Gly Ala Ile Ser Thr Gly Lys 
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405 410 415 

Thr Ser Asn Gly Asn Ser Val Ser Met Asp Tyr Lys Asp His Asp Gly 
420 425 430 

Asp Tyr Lys Asp His Asp Ile Asp Tyr Lys Asp Asp Asp Asp Lys 
435 445 440 

V 

V 

< 210 > SEQ ID NO 12 
< 211 > LENGTH : 427 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polypeptide 

V NN PEP ?? ???? ? ??? 
V 

< 400 > SEQUENCE : 12 
Met Ala Thr Ala Ser Thr Phe Ser Ala Phe Asn Ala Arg Cys Gly Asp 

Leu Arg Arg Ser Ala Gly Ser Gly Pro Arg Arg Pro Ala Arg Pro Leu 

Pro Val Arq Ala Ala Ile Asn Ser Arg Ala His Pro Lys Ala Asn Gly 
40 35 

Ser Ala Val Ser Leu Lys Ser Gly Ser Leu Asn Thr Gin Glu Asp Thr 

Ser Ser Ser Pro Pro Pro Ara Thr Phe Leu His Gln Leu Pro Asp Trp 
65 80 

Ser Arg Leu Leu Thr Ala Ile Thr Thr Val Phe Val Lys Ser Lys Arg 
85 

Pro Asp Met His Asp Arg Lys Ser Lys Arg Pro Asp Met Leu Met Asp 

Ser Phe Gly Leu Glu Ser Ile Val Gln Glu Gly Leu Glu Phe Art Gln 
115 120 

Ser Phe Ser Ile Arg Ser Tyr Glu Ile Gly Thr Asp Arg Thr Ala Ser 

Ile Glu Thr Leu Met Asn Tyr Leu Gin Glu Thr Ser Leu Asn His Cys 
145 160 

Lys Ser Thr Gly Ile Leu Leu Asp Gly Phe Gly Arg Thr Pro Glu Met 
165 

Cys Lys Arg Asp Leu Ile Trp Val Val Thr Lys Met Lys Ile Lys Val 

Asn Arg Tyr Pro Ala Trp Gly Asp Thr Val Glu Ile Asn Thr Trp Phe 
195 200 

Ser Arg Leu Gly Lys Ile Gly Lys Gly Arg Asp Trp Leu Ile Ser Asp 

Cys Asn Thr Gly Glu Ile Leu Ile Arg Ala Thr Ser Ala Tyr Ala Thr 
225 240 

Met Asn Gin Lys Thr Arg Arg Leu Ser Lys Leu Pro Tyr Glu Val His 
245 

Gln Glu Ile Ala Pro Leu Phe Val Asp Ser Pro Pro Val Ile Glu Asp 

Asn Asp Leu Lys Leu His Lys Phe Glu Val Lys Thr Gly Asp Ser Ile 
275 280 

His Lys Gly Leu Thr Pro Gly Trp Asn Asp Leu Asp Val Asn Gin His 

Val Ser Asn Val Lys Tyr Ile Gly Trp Ile Leu Glu Ser Met Pro Thr 
305 320 
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Glu Val Leu Glu Thr Gin Glu Leu Cys Ser Leu Ala Leu Glu Tyr Arg 

330 335 

Arg Glu Cys Gly Arg Asp Ser Val Leu Glu Ser Val Thr Ala Met Asp 
345 350 

Pro Thr Lys Val Gly Gly Arg Ser Gin Tyr Gin His Leu Leu Arg Leu 
365 360 

Glu Asp Gly Thr Asp Ile Val Lys Cys Arg Thr Glu Trp Arg Pro Lys 
375 380 

Asn Pro Gly Ala Asn Gly Ala Ile Ser Thr Gly Lys Thr Ser Asn Gly 
385 395 400 

Asn Ser Val Ser Met Asp Tyr Lys Asp His Asp Gly Asp Tyr Lys Asp 
405 415 410 

His Asp Ile Asp Tyr Lys Asp Asp Asp Asp Lys 
420 425 

V 

< 210 > SEQ ID NO 13 
< 211 > LENGTH : 411 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Cuphea palustris 
V WNA V 

< 400 > SEQUENCE : 13 
Met Val Ala Ala Ala Ala Ser Ser Ala Cys Phe Pro Val Pro Ser Pro 

10 

Gly Ala Ser Pro Lys Pro Gly Lys Leu Gly Asn Trp Ser Ser Ser Leu 
30 

Ser Pro Ser Leu Lys Pro Lys Ser Ile Pro Asn Gly Gly Phe Gin Val 
40 

Lys Ala Asn Ala Ser Ala His Pro Lys Ala Asn Gly Ser Ala Val Thr 
55 

Leu Lys Ser Gly Ser Leu Asn Thr Gin Glu Asp Thr Leu Ser Ser Ser 
80 

Pro Pro Pro Arg Ala Phe Phe Asn Gln Leu Pro Asp Trp Ser Met Leu 
90 

Leu Thr Ala Ile Thr Thr Val Phe Val Ala Pro Glu Lys Arg Trp Thr 
110 

Met Phe Asp Arg Lys Ser Lys Arg Pro Asn Met Leu Met Asp Ser Phe 
120 

Gly Leu Glu Arg Val Val Gin Asp Gly Leu Val Phe Arg Gin Ser Phe 
135 

Ser Ile Arg Ser Tyr Glu Ile Cys Ala Asp Arg Thr Ala Ser Ile Glu 
160 

Thr Val Met Asn His Val Gln Glu Thr Ser Leu Asn Gln Cys Lys Ser 
170 

Ile Gly Leu Leu Asp Asp Gly Phe Gly Arg Ser Pro Glu Met Cys Lys 
190 

Arg Asp Leu Ile Trp Val Val Thr Arq Met Lys Ile Met Val Asn Arq 
200 

Tyr Pro Thr Trp Gly Asp Thr Ile Glu Val Ser Thr Trp Leu Ser Gin 
215 

Ser Gly Lys Ile Gly Met Gly Arg Asp Trp Leu Ile Ser Asp Cys Asn 
240 

Thr Gly Glu Ile Leu Val Arg Ala Thr Ser Val Tyr Ala Met Met Asn 
250 

Gin Lys Thr Arg Arg Phe Ser Lys Leu Pro His Glu Val Arg Gin Glu 
270 
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Phe Ala Pro His Phe Leu Asp Ser Pro Pro Ala Ile Glu Asp Asn Asp 
275 280 285 

Gly Lys Leu Gin Lys Phe Asp Val Lys Thr Gly Asp Ser Ile Arg Lys 

Gly Leu Thr Pro Gly Trp Tyr Asp Leu Asp Val Asn Gln His Val Ser 

Asn Val Lys Tyr Ile Gly Trp Ile Leu Glu Ser Met Pro Thr Glu Val 
325 

Leu Glu Thr Gin Glu Leu Cys Ser Leu Thr Leu Glu Tyr Arg Arg Glu 
345 350 

Cys Gly Arg Asp Ser Val Leu Glu Ser Val Thr Ser Met Asp Pro Ser 
355 360 365 

Lys Val Gly Asp Arg Phe Gin Tyr Arg His Leu Leu Arg Leu Glu Asp 

Gly Ala Asp Ile Met Lys Gly Arg Thr Glu Trp Arg Pro Lys Asn Ala 
385 390 400 

Gly Thr Asn Gly Ala Ile Ser Thr Gly Lys Thr 
405 410 

< 210 > SEQ ID NO 14 
< 211 > LENGTH : 416 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Cuphea avigera 

< 400 > SEQUENCE : 14 
Met Val Ala Ala Ala Ala Ser Ser Ala Phe Phe Ser Val Pro Val Pro 

15 

Gly Thr Ser Pro Lys Pro Gly Lys Phe Arg Ile Trp Pro Ser Ser Leu 
25 30 

Ser Pro Ser Phe Lys Pro Lys Pro Ile Pro Asn Gly Gly Leu Gin Val 
40 

Lys Ala Asn Ser Arg Ala His Pro Lys Ala Asn Gly Ser Ala Val Ser 

Leu Lys Ser Gly Ser Leu Asn Thr Gin Glu Asp Thr Ser Ser Ser Pro 
70 

Pro Pro Arg Thr Phe Leu His Gin Leu Pro Asp Trp Ser Arg Leu Leu 
95 85 

Thr Ala Ile Thr Thr Val Phe Val Lys Ser Lys Arg Pro Asp Met His 
105 110 

Asp Arg Lys Ser Lys Arg Pro Asp Met Leu Met Asp Ser Phe Gly Leu 
120 

Glu Ser Ile Val Gin Glu Gly Leu Glu Phe Arg Gin Ser Phe Ser Ile 

Arg Ser Tyr Glu Ile Gly Thr Asp Arg Thr Ala Ser Ile Glu Thr Leu 
150 

Met Asn Tyr Leu Gin Glu Thr Ser Leu Asn His Cys Lys Ser Thr Gly 
165 175 

Ile Leu Leu Asp Gly Phe Gly Arg Thr Pro Glu Met Cys Lys Arg Asp 
185 190 

Leu Ile Trp Val Val Thr Lys Met Lys Ile Lys Val Asn Arg Tyr Pro 
200 

Ala Trp Gly Asp Thr Val Glu Ile Asn Thr Trp Phe Ser Arg Leu Gly 

Lys Ile Gly Lys Gly Arg Asp Trp Leu Ile Ser Asp Cys Asn Thr Gly 
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- continued 
230 235 240 

Glu Ile Leu Ile Arg Ala Thr Ser Ala Tyr Ala Thr Met Asn Gin Lys 
255 

Thr Ara Arg Leu Ser Lys Leu Pro Tyr Glu Val His Gin Glu Ile Ala 
260 265 270 

Pro Leu Phe Val Asp Ser Pro Pro Val Ile Glu Asp Asn Asp Leu Lys 
275 280 285 

Leu His Lys Phe Glu Val Lys Thr Gly Asp Ser Ile His Lys Gly Leu 

Thr Pro Gly Trp Asn Asp Leu Asp Val Asn Gln His Val Ser Asn Val 
315 

Lys Tyr Ile Gly Trp Ile Leu Glu Ser Met Pro Thr Glu Val Leu Glu 

Thr Gin Glu Leu Cys Ser Leu Ala Leu Glu Tyr Arg Arg Glu Cys Gly 
340 345 350 

Arg Asp Ser Val Leu Glu Ser Val Thr Ala Met Asp Pro Thr Lys Val 
355 360 365 

Gly Gly Arg Ser Gin Tyr Gin His Leu Leu Arg Leu Glu Asp Gly Thr 

Asp Ile Val Lys Cys Arg Thr Glu Trp Arg Pro Lys Asn Pro Gly Ala 
395 400 

Asn Gly Ala Ile Ser Thr Gly Lys Thr Ser Asn Gly Asn Ser Val Ser 

< 210 > SEQ ID NO 15 
< 211 > LENGTH : 391 
< 212 > TYPE : PRT 

13 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polypeptide 

N MOM 1 : Artificial Sequence 

< 400 > SEQUENCE : 15 

Met Ala Thr Ala Ser Thr Phe Ser Ala Phe Asn Ala Arg Cys Gly Asp 
15 10 

Leu Arg Arg Ser Ala Gly Ser Gly Pro Arg Arg Pro Ala Arg Pro Leu 
25 

Pro Val Arg Gly Arg Ala Ile Pro Pro Arg Ile Ile Val Val Ser Ser 
35 40 

Ser Ser Ser Lys Val Asn Pro Leu Lys Thr Glu Ala Val Val Ser Ser 
55 

Gly Leu Ala Asp Arg Leu Arg Leu Gly Ser Leu Thr Glu Asp Gly Leu 
70 75 

Ser Tyr Lys Glu Lys Phe Ile Val Arg Cys Tyr Glu Val Gly Ile Asn 
85 95 90 

Lys Thr Ala Thr Val Glu Thr Ile Ala Asn Leu Leu Gin Glu Val Gly 
105 

Cys Asn His Ala Gin Ser Val Gly Tyr Ser Thr Gly Gly Phe Ser Thr 
115 120 

Thr Pro Thr Met Arg Lys Leu Arg Leu Ile Trp Val Thr Ala Arg Met 
135 

His Ile Glu Ile Tyr Lys Tyr Pro Ala Trp Ser Asp Val Val Glu Ile 
150 155 160 

Glu Ser Trp Gly Gin Gly Glu Gly Lys Ile Gly Thr Arg Arg Asp Trp 
165 170 175 
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Ile Leu Arg Asp Tyr Ala Thr Gly Gin Val Ile Gly Arg Ala Thr Ser 

190 

Lys Trp Val Met Met Asn Gin Asp Thr Arg Arg Leu Gin Lys Val Asp 
205 200 

Val Asp Val Arg Asp Glu Tyr Leu Val His Cys Pro Arg Glu Leu Arg 
215 

Leu Ala Phe Pro Glu Glu Asn Asn Ser Ser Leu Lys Lys Ile Ser Lys 
225 230 235 240 

Leu Glu Asp Pro Ser Gin Tyr Ser Lys Leu Gly Leu Val Pro Arg Arg 
255 

Ala Asp Leu Asp Met Asn Gln His Val Asn Asn Val Thr Tyr Ile Gly 
270 

Trp Val Leu Glu Ser Met Pro Gln Glu Ile Ile Asp Thr His Glu Leu 
280 285 

Gin Thr Ile Thr Leu Asp Tyr Arg Arg Glu Cys Gin His Asp Asp Val 
295 

Val Asp Ser Leu Thr Ser Pro Glu Pro Ser Glu Asp Ala Glu Ala Val 
305 310 315 320 

Phe Asn His Asn Gly Thr Asn Gly Ser Ala Asn Val Ser Ala Asn Asp 
335 

His Gly Cys Arg Asn Phe Leu His Leu Leu Arg Leu Ser Gly Asn Gly 
350 

Leu Glu Ile Asn Arg Gly Arg Thr Glu Trp Arg Lys Lys Pro Thr Arg 
360 365 

Met Asp Tyr Lys Asp His Asp Gly Asp Tyr Lys Asp His Asp Ile Asp 
375 380 

Tyr Lys Asp Asp Asp Asp Lys 
385 390 

< 210 > SEQ ID NO 16 
< 211 > LENGTH : 391 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 

20 > FEATURE : 
23 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polypeptide 
VV 
< 400 > SEQUENCE : 16 

Met Ala Thr Ala Ser Thr Phe Ser Ala Phe Asn Ala Arg Cys Gly Asp 
15 

Leu Arg Arg Ser Ala Gly Ser Gly Pro Arg Arg Pro Ala Arg Pro Leu 
25 30 

Pro Val Arg Gly Arg Ala Ile Pro Pro Arg Ile Ile Val Val Ser Ser 
35 

Ser Ser Ser Lys Val Asn Pro Leu Lys Thr Glu Ala Val Val Ser Ser 
50 55 

Gly Leu Ala Asp Arg Leu Arg Leu Gly Ser Leu Thr Glu Asp Gly Leu 

Ser Tyr Lys Glu Lys Phe Ile Val Arq Cys Tyr Glu Val Gl Ile Asn 
95 

Lys Thr Ala Thr Val Glu Thr Ile Ala Asn Leu Leu Gin Glu Val Gly 
105 110 

Cys Asn His Ala Gin Ser Val Gly Tyr Ser Thr Gly Gly Phe Ala Thr 
115 

Thr Pro Thr Met Arg Lys Leu Arq Leu Ile Trp Val Thr Ala Ara Met 
130 135 
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His Ile Glu Ile Tyr Lys Tyr Pro Ala Trp Ser Asp Val Val Glu Ile 
145 150 155 160 

Glu Ser Trp Gly Gin Gly Glu Gly Lys Ile Gly Thr Arg Arg Asp Trp 
170 175 

Ile Leu Arg Asp Tyr Ala Thr Gly Gin Val Ile Gly Arg Ala Thr Ser 
190 

Lys Trp Val Met Met Asn Gin Asp Thr Arg Arg Leu Gin Lys Val Asp 
205 

Ala Asp Val Arg Asp Glu Tyr Leu Val His Cys Pro Arg Glu Leu Arg 

Leu Ala Phe Pro Glu Glu Asn Asn Ser Ser Leu Lys Lys Ile Ser Lys 
225 230 235 240 

Leu Glu Asp Pro Ser Gin Tyr Ser Lys Leu Gly Leu Val Pro Arg Arg 
255 

Ala Asp Leu Asp Met Asn Gln His Val Asn Asn Val Thr Tyr Ile Gly 
270 

Trp Val Leu Glu Ser Met Pro Gin Glu Ile Ile Asp Thr His Glu Leu 
285 

Gin Thr Ile Thr Leu Asp Tyr Arg Arg Glu Cys Gin His Asp Asp Val 

Val Asp Ser Leu Thr Ser Pro Glu Pro Ser Glu Asp Ala Glu Ala Val 
305 310 315 320 

Phe Asn His Asn Gly Thr Asn Gly Ser Ala Asn Val Ser Ala Asn Asp 
335 

His Gly Cys Arg Asn Phe Leu His Leu Leu Arg Leu Ser Gly Asn Gly 
350 

Leu Glu Ile Asn Arg Gly Arg Thr Glu Trp Arg Lys Lys Pro Thr Arg 
365 

Met Asp Tyr Lys Asp His Asp Gly Asp Tyr Lys Asp His Asp Ile Asp 
375 380 

Tyr Lys Asp Asp Asp Asp Lys 
385 390 

< 210 > SEQ ID NO 17 
< 211 > LENGTH : 391 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polypeptide 

< 400 > SEQUENCE : 17 
Met Ala Thr Ala Ser Thr Phe Ser Ala Phe Asn Ala Arg Cys Gly Asp 

Leu Arg Arg Ser Ala Gly Ser Gly Pro Arg Arg Pro Ala Arg Pro Leu 
25 

Pro Val Arg Gly Arg Ala Ile Pro Pro Arg Ile Ile Val Val Ser Ser 
35 40 

Ser Ser Ser Lys Val Asn Pro Leu Lys Thr Glu Ala Val Val Ser Ser 
55 50 

Gly Leu Ala Asp Arg Leu Arg Leu Gly Ser Leu Thr Glu Asp Gly Leu 
70 75 

Ser Tyr Lys Glu Lys Phe Ile Val Arg Cys Tyr Glu Val Gly Ile Asn 
85 95 

Lys Thr Ala Thr Val Glu Thr Ile Ala Asn Leu Leu Gln Glu Val Gly 
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- continued 
100 105 110 

Cys Asn His Ala Gln Ser Val Gly Tyr Ser Thr Gly Gly Phe Val Thr 
115 120 

Thr Pro Thr Met Arg Lys Leu Arq Leu Ile Trp Val Thr Ala Arg Met 

His Ile Glu Ile Tyr Lys Tyr Pro Ala Trp Ser Asp Val Val Glu Ile 
145 150 155 

Glu Ser Trp Gly Gin Gly Glu Gly Lys Ile Gly Thr Arg Arg Asp Trp 
175 

Ile Leu Arg Asp Tyr Ala Thr Gly Gin Val Ile Gly Arg Ala Thr Ser 
185 190 

Lys Trp Val Met Met Asn Gin Asp Thr Arg Arg Leu Gin Lys Val Asp 
195 200 

Ala Asp Val Arg Asp Glu Tyr Leu Val His Cys Pro Arg Glu Leu Arg 

Leu Ala Phe Pro Glu Glu Asn Asn Ser Ser Leu Lys Lys Ile Ser Lys 
225 230 235 

Leu Glu Asp Pro Ser Gin Tyr Ser Lys Leu Gly Leu Val Pro Arg Arg 
255 

Ala Asp Leu Asp Met Asn Gin His Val Asn Asn Val Thr Tyr Ile Gly 
265 270 

Trp Val Leu Glu Ser Met Pro Gin Glu Ile Ile Asp Thr His Glu Leu 
275 280 

Gin Thr Ile Thr Leu Asp Tyr Arg Arg Glu Cys Gin His Asp Asp Val 

Val Asp Ser Leu Thr Ser Pro Glu Pro Ser Glu Asp Ala Glu Ala Val 
305 310 315 

Phe Asn His Asn Gly Thr Asn Gly Ser Ala Asn Val Ser Ala Asn Asp 
335 

His Gly Cys Arg Asn Phe Leu His Leu Leu Arg Leu Ser Gly Asn Gly 
345 350 

Leu Glu Ile Asn Arg Gly Arg Thr Glu Trp Arg Lys Lys Pro Thr Arg 
355 360 

Met Asp Tyr Lys Asp His Asp Gly Asp Tyr Lys Asp His Asp Ile Asp 

Tyr Lys Asp Asp Asp Asp Lys 
385 390 

< 210 > SEQ ID NO 18 
< 211 > LENGTH : 391 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polypeptide 

M ??? 

? ??? ? ?? 

< 400 > SEQUENCE : 18 

Met Ala Thr Ala Ser Thr Phe Ser Ala Phe Asn Ala Arg Cys Gly Asp 

Leu Arg Arg Ser Ala Gly Ser Gly Pro Arg Arg Pro Ala Arg Pro Leu 
20 

Pro Val Arg Gly Arg Ala Ile Pro Pro Arg Ile Ile Val Val Ser Ser 
40 

Ser Ser Ser Lys Val Asn Pro Leu Lys Thr Glu Ala Val Val Ser Ser 
50 
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Gly Leu Ala Asp Arg Leu Arg Leu Gly Ser Leu Thr Glu Asp Gly Leu 

80 75 

Ser Tyr Lys Glu Lys Phe Ile Val Arg Cys Tyr Glu Val Gly Ile Asn 
90 95 

Lys Thr Ala Thr Val Glu Thr Ile Ala Asn Leu Leu Gln Glu Val Ala 
100 110 

Cys Asn His Ala Gin Ser Val Gly Tyr Ser Thr Gly Gly Phe Ser Thr 
120 

Thr Pro Thr Met Arg Lys Leu Arg Leu Ile Trp Val Thr Ala Arg Met 
135 

His Ile Glu Ile Tyr Lys Tyr Pro Ala Trp Ser Asp Val Val Glu Ile 
155 160 

Glu Ser Trp Gly Gin Gly Glu Gly Lys Ile Gly Thr Arg Arg Asp Trp 
170 175 

Ile Leu Arq Asp Tyr Ala Thr Gly Gin Val Ile Gly Arq Ala Thr Ser 
180 190 

Lys Trp Val Met Met Asn Gin Asp Thr Arg Arg Leu Gin Lys Val Asp 
200 

Val Asp Val Arg Asp Glu Tyr Leu Val His Cys Pro Arg Glu Leu Arg 
215 

Leu Ala Phe Pro Glu Glu Asn Asn Ser Ser Leu Lys Lys Ile Ser Lys 
235 240 

Leu Glu Asp Pro Ser Gin Tyr Ser Lys Leu Gly Leu Val Pro Arg Arg 
250 255 

Ala Asp Leu Asp Met Asn Gin His Val Asn Asn Val Thr Tyr Ile Gly 
270 260 

Trp Val Leu Glu Ser Met Pro Gin Glu Ile Ile Asp Thr His Glu Leu 
280 

Gln Thr Ile Thr Leu Asp Tyr Arg Arg Glu Cys Gln His Asp Asp Val 
295 

Val Asp Ser Leu Thr Ser Pro Glu Pro Ser Glu Asp Ala Glu Ala Val 
315 320 

Phe Asn His Asn Gly Thr Asn Gly Ser Ala Asn Val Ser Ala Asn Asp 
330 335 

His Gly Cys Arg Asn Phe Leu His Leu Leu Arg Leu Ser Gly Asn Gly 
340 350 

Leu Glu Ile Asn Arg Gly Arg Thr Glu Trp Arg Lys Lys Pro Thr Arg 
360 

Met Asp Tyr Lys Asp His Asp Gly Asp Tyr Lys Asp His Asp Ile Asp 
375 

Tyr Lys Asp Asp Asp Asp Lys 
385 390 

< 210 > SEQ ID NO 19 
< 211 > LENGTH : 391 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polypeptide 

< 400 > SEQUENCE : 19 

Met Ala Thr Ala Ser Thr Phe Ser Ala Phe Asn Ala Arg Cys Gly Asp 
10 15 

Leu Arg Arg Ser Ala Gly Ser Gly Pro Arg Arg Pro Ala Arg Pro Leu 
20 25 30 
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Pro Val Arg Gly Arg Ala Ile Pro Pro Arg Ile Ile Val Val Ser Ser 
35 40 

Ser Ser Ser Lys Val Asn Pro Leu Lys Thr Glu Ala Val Val Ser Ser 

Gly Leu Ala Asp Arg Leu Arg Leu Gly Ser Leu Thr Glu Asp Gly Leu 
65 

Ser Tyr Lys Glu Lys Phe Ile Val Arg Cys Tyr Glu Val Gly Ile Asn 
95 

Lys Thr Ala Thr Val Glu Thr Ile Ala Asn Leu Leu Gln Glu Val Thr 
100 105 110 

Cys Asn His Ala Gin Ser Val Gly Tyr Ser Thr Gly Gly Phe Ser Thr 
115 120 

Thr Pro Thr Met Arg Lys Leu Arg Leu Ile Trp Val Thr Ala Arg Met 

His Ile Glu Ile Tyr Lys Tyr Pro Ala Trp Ser Asp Val Val Glu Ile 
145 

Glu Ser Trp Gly Gin Gly Glu Gly Lys Ile Gly Thr Arg Arg Asp Trp 
175 

Ile Leu Arg Asp Tyr Ala Thr Gly Gin Val Ile Gly Arg Ala Thr Ser 
180 185 190 

Lys Trp Val Met Met Asn Gin Asp Thr Arg Arg Leu Gin Lys Val Asp 
195 200 

Val Asp Val Arg Asp Glu Tyr Leu Val His Cys Pro Arg Glu Leu Arg 

Leu Ala Phe Pro Glu Glu Asn Asn Ser Ser Leu Lys Lys Ile Ser Lys 
225 

Leu Glu Asp Pro Ser Gin Tyr Ser Lys Leu Gly Leu Val Pro Ara Arq 
255 

Ala Asp Leu Asp Met Asn Gln His Val Asn Asn Val Thr Tyr Ile Gly 
265 270 260 

Trp Val Leu Glu Ser Met Pro Gin Glu Ile Ile Asp Thr His Glu Leu 
275 280 

Gin Thr Ile Thr Leu Asp Tyr Arg Arg Glu Cys Gin His Asp Asp Val 

Val Asp Ser Leu Thr Ser Pro Glu Pro Ser Glu Asp Ala Glu Ala Val 
305 320 

Phe Asn His Asn Gly Thr Asn Gly Ser Ala Asn Val Ser Ala Asn Asp 
335 

His Gly Cys Arg Asn Phe Leu His Leu Leu Arg Leu Ser Gly Asn Gly 
340 345 350 

Leu Glu Ile Asn Arg Gly Arg Thr Glu Trp Arg Lys Lys Pro Thr Arg 
355 360 

Met Asp Tyr Lys Asp His Asp Gly Asp Tyr Lys Asp His Asp Ile Asp 
380 

Tyr Lys Asp Asp Asp Asp Lys 
385 390 

< 210 > SEQ ID NO 20 
< 211 > LENGTH : 391 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polypeptide 
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- continued 
< 400 > SEQUENCE : 20 
Met Ala Thr Ala Ser Thr Phe Ser Ala Phe Asn Ala Arg Cys Gly Asp 

15 

Leu Arg Arg Ser Ala Gly Ser Gly Pro Arg Arg Pro Ala Arg Pro Leu 
20 30 25 

Pro Val Arg Gly Arg Ala Ile Pro Pro Arg Ile Ile Val Val Ser Ser 
35 

Ser Ser Ser Lys Val Asn Pro Leu Lys Thr Glu Ala Val Val Ser Ser 

Gly Leu Ala Asp Arg Leu Arg Leu Gly Ser Leu Thr Glu Asp Gly Leu 
75 

Ser Tyr Lys Glu Lys Phe Ile Val Arg Cys Tyr Glu Val Gly Ile Asn 
95 

Lys Thr Ala Thr Val Glu Thr Ile Ala Asn Leu Leu Gin Glu Val Val 
100 105 110 

Cys Asn His Ala Gin Ser Val Gly Tyr Ser Thr Gly Gly Phe Ser Thr 
115 

Thr Pro Thr Met Arg Lys Leu Arg Leu Ile Trp Val Thr Ala Arg Met 

His Ile Glu Ile Tyr Lys Tyr Pro Ala Trp Ser Asp Val Val Glu Ile 
155 

Glu Ser Trp Gly Gin Gly Glu Gly Lys Ile Gly Thr Arg Arg Asp Trp 
175 

Ile Leu Arg Asp Tyr Ala Thr Gly Gin Val Ile Gly Arg Ala Thr Ser 
185 190 180 

Lys Trp Val Met Met Asn Gin Asp Thr Arg Arg Leu Gin Lys Val Asp 
195 

Val Asp Val Arg Asp Glu Tyr Leu Val His Cys Pro Arg Glu Leu Arg 

Leu Ala Phe Pro Glu Glu Asn Asn Ser Ser Leu Lys Lys Ile Ser Lys 
235 

Leu Glu Asp Pro Ser Gin Tyr Ser Lys Leu Gly Leu Val Pro Arg Arg 
255 

Ala Asp Leu Asp Met Asn Gin His Val Asn Asn Val Thr Tyr Ile Gly 
260 265 270 

Trp Val Leu Glu Ser Met Pro Gin Glu Ile Ile Asp Thr His Glu Leu 
275 

Gin Thr Ile Thr Leu Asp Tyr Arg Arg Glu Cys Gin His Asp Asp Val 

Val Asp Ser Leu Thr Ser Pro Glu Pro Ser Glu Asp Ala Glu Ala Val 
315 

Phe Asn His Asn Gly Thr Asn Gly Ser Ala Asn Val Ser Ala Asn Asp 
335 

His Gly Cys Arg Asn Phe Leu His Leu Leu Arg Leu Ser Gly Asn Gly 
340 345 350 

Leu Glu Ile Asn Arg Gly Arg Thr Glu Trp Arg Lys Lys Pro Thr Arg 
355 

Met Asp Tyr Lys Asp His Asp Gly Asp Tyr Lys Asp His Asp Ile Asp 
375 

Tyr Lys Asp Asp Asp Asp Lys 

< 210 > SEQ ID NO 21 
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- continued 
< 211 > LENGTH : 391 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polypeptide 
? ??? NM OM 

< 400 > SEQUENCE : 21 

Met Ala Thr Ala Ser Thr Phe Ser Ala Phe Asn Ala Arg Cys Gly Asp 
10 15 

Leu Arg Arg Ser Ala Gly Ser Gly Pro Arg Arg Pro Ala Arg Pro Leu 
25 30 

Pro Val Arg Gly Arg Ala Ile Pro Pro Arg Ile Ile Val Val Ser Ser 
40 

Ser Ser Ser Lys Val Asn Pro Leu Lys Thr Glu Ala Val Val Ser Ser 

Gly Leu Ala Asp Arg Leu Arg Leu Gly Ser Leu Thr Glu Asp Gly Leu 
70 80 

Ser Tyr Lys Glu Lys Phe Ile Val Arg Cys Tyr Glu Val Gly Ile Asn 
95 90 

Lys Thr Ala Thr Val Glu Thr Ile Ala Asn Leu Leu Gin Glu Val Gly 
105 110 

Cys Asn His Ala Gin Ser Val Gly Tyr Ser Thr Ala Gly Phe Ser Thr 
120 

Thr Pro Thr Met Arg Lys Leu Arg Leu Ile Trp Val Thr Ala Arg Met 

His Ile Glu Ile Tyr Lys Tyr Pro Ala Trp Ser Asp Val Val Glu Ile 
150 160 

Glu Ser Trp Gly Gin Gly Glu Gly Lys Ile Gly Thr Arg Arg Asp Trp 
170 175 

Ile Leu Arg Asp Tyr Ala Thr Gly Gin Val Ile Gly Arg Ala Thr Ser 
185 190 

Lys Trp Val Met Met Asn Gin Asp Thr Arg Arg Leu Gin Lys Val Asp 
200 

Val Asp Val Arg Asp Glu Tyr Leu Val His Cys Pro Arg Glu Leu Arg 

Leu Ala Phe Pro Glu Glu Asn Asn Ser Ser Leu Lys Lys Ile Ser Lys 
230 240 

Leu Glu Asp Pro Ser Gin Tyr Ser Lys Leu Gly Leu Val Pro Arg Arg 
250 255 

Ala Asp Leu Asp Met Asn Gln His Val Asn Asn Val Thr Tyr Ile Gly 
265 270 

Trp Val Leu Glu Ser Met Pro Gin Glu Ile Ile Asp Thr His Glu Leu 
280 

Gin Thr Ile Thr Leu Asp Tyr Arg Arg Glu Cys Gin His Asp Asp Val 

Val Asp Ser Leu Thr Ser Pro Glu Pro Ser Glu Asp Ala Glu Ala Val 
310 320 

Phe Asn His Asn Gly Thr Asn Gly Ser Ala Asn Val Ser Ala Asn Asp 
325 330 335 

His Gly Cys Arg Asn Phe Leu His Leu Leu Arg Leu Ser Gly Asn Gly 
345 350 

Leu Glu Ile Asn Arg Gly Arg Thr Glu Trp Arg Lys Lys Pro Thr Arg 
355 360 

Met Asp Tyr Lys Asp His Asp Gly Asp Tyr Lys Asp His Asp Ile Asp 
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- continued 
370 375 380 

Tyr Lys Asp Asp Asp Asp Lys 
385 390 

< 210 > SEQ ID NO 22 
< 211 > LENGTH : 391 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polypeptide 

< 400 > SEQUENCE : 22 
Met Ala Thr Ala Ser Thr Phe Ser Ala Phe Asn Ala Arg Cys Gly Asp 

15 

Leu Arg Arg Ser Ala Gly Ser Gly Pro Arg Arg Pro Ala Arg Pro Leu 
25 30 

Pro Val Arg Gly Arg Ala Ile Pro Pro Arg Ile Ile Val Val Ser Ser 
40 

Ser Ser Ser Lys Val Asn Pro Leu Lys Thr Glu Ala Val Val Ser Ser 

Gly Leu Ala Asp Arg Leu Arg Leu Gly Ser Leu Thr Glu Asp Gly Leu 
70 80 

Ser Tyr Lys Glu Lys Phe Ile Val Arg Cys Tyr Glu Val Gly Ile Asn 
95 

Lys Thr Ala Thr Val Glu Thr Ile Ala Asn Phe Leu Gln Glu Val Gly 
105 110 

Cys Asn His Ala Gin Ser Val Gly Tyr Ser Thr Gly Gly Phe Ser Thr 
120 

Thr Pro Thr Met Arg Lys Leu Arg Leu Ile Trp Val Thr Ala Arg Met 

His Ile Glu Ile Tyr Lys Tyr Pro Ala Trp Ser Asp Val Val Glu Ile 
145 150 160 

Glu Ser Trp Gly Gin Gly Glu Gly Lys Ile Gly Thr Arg Arg Asp Trp 
175 

Ile Leu Arg Asp Tyr Ala Thr Gly Gin Val Ile Gly Arg Ala Thr Ser 
185 190 

Lys Trp Val Met Met Asn Gin Asp Thr Arg Arg Leu Gin Lys Val Asp 
200 

Val Asp Val Arg Asp Glu Tyr Leu Val His Cys Pro Arg Glu Leu Arg 

Leu Ala Phe Pro Glu Glu Asn Asn Ser Ser Leu Lys Lys Ile Ser Lys 
225 230 240 

Leu Glu Asp Pro Ser Gin Tyr Ser Lys Leu Gly Leu Val Pro Arg Arg 
255 

Ala Asp Leu Asp Met Asn Gln His Val Asn Asn Val Thr Tyr Ile Gly 
265 270 

Trp Val Leu Glu Ser Met Pro Gin Glu Ile Ile Asp Thr His Glu Leu 
280 

Gin Thr Ile Thr Leu Asp Tyr Arg Arg Glu Cys Gin His Asp Asp Val 

Val Asp Ser Leu Thr Ser Pro Glu Pro Ser Glu Asp Ala Glu Ala Val 
305 310 320 

Phe Asn His Asn Gly Thr Asn Gly Ser Ala Asn Val Ser Ala Asn Asp 
335 Asn Gly Thr Asn cly Ser Ala Agn 
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- continued 
His Gly Cys Arg Asn Phe Leu His Leu Leu Arg Leu Ser Gly Asn Gly 

345 350 340 

Leu Glu Ile Asn Arg Gly Arg Thr Glu Trp Arg Lys Lys Pro Thr Arg 
355 360 365 

Met Asp Tyr Lys Asp His Asp Gly Asp Tyr Lys Asp His Asp Ile Asp 
375 380 370 

Tyr Lys Asp Asp Asp Asp Lys 
385 390 

< 210 > SEQ ID NO 23 
< 211 > LENGTH : 391 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polypeptide 

< 400 > SEQUENCE : 

Met Ala Thr Ala Ser Thr Phe Ser Ala Phe Asn Ala Arg Cys Gly Asp 

Leu Arg Arg Ser Ala Gly Ser Gly Pro Arg Arg Pro Ala Arg Pro Leu 
30 

Pro Val Arg Gly Arg Ala Ile Pro Pro Arq Ile Ile Val Val Ser Ser 
45 

Ser Ser Ser Lys Val Asn Pro Leu Lys Thr Glu Ala Val Val Ser Ser 

Gly Leu Ala Asp Arg Leu Arg Leu Gly Ser Leu Thr Glu Asp Gly Leu 
75 

Ser Tyr Lys Glu Lys Phe Ile Val Arg Cys Tyr Glu Val Gly Ile Asn 
85 

Lys Thr Ala Thr Val Glu Thr Ile Ala Asn Lys Leu Gin Glu Val Gly 
110 

Cys Asn His Ala Gin Ser Val Gly Tyr Ser Thr Gly Gly Phe Ser Thr 
125 

Thr Pro Thr Met Arg Lys Leu Arg Leu Ile Trp Val Thr Ala Arg Met 

His Ile Glu Ile Tyr Lys Tyr Pro Ala Trp Ser Asp Val Val Glu Ile 
145 155 

Glu Ser Trp Gly Gin Gly Glu Gly Lys Ile Gly Thr Arg Arg Asp Trp 
165 

Ile Leu Arg Asp Tyr Ala Thr Gly Gin Val Ile Gly Arg Ala Thr Ser 
190 

Lys Trp Val Met Met Asn Gin Asp Thr Arg Arg Leu Gin Lys Val Asp 
205 

Val Asp Val Arg Asp Glu Tyr Leu Val His Cys Pro Arg Glu Leu Arg 

Leu Ala Phe Pro Glu Glu Asn Asn Ser Ser Leu Lys Lys Ile Ser Lys 
225 235 

Leu Glu Asp Pro Ser Gin Tyr Ser Lys Leu Gly Leu Val Pro Arg Arg 
245 

Ala Asp Leu Asp Met Asn Gin His Val Asn Asn Val Thr Tyr Ile Gly 
270 

Trp Val Leu Glu Ser Met Pro Gin Glu Ile Ile Asp Thr His Glu Leu 
285 

Gin Thr Ile Thr Leu Asp Tyr Arg Arg Glu Cys Gin His Asp Asp Val 
290 
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- continued 

Val Asp Ser Leu Thr Ser Pro Glu Pro Ser Glu Asp Ala Glu Ala Val 
305 315 320 

Phe Asn His Asn Gly Thr Asn Gly Ser Ala Asn Val Ser Ala Asn Asp 
335 

His Gly Cys Arg Asn Phe Leu His Leu Leu Arg Leu Ser Gly Asn Gly 
340 345 350 

Leu Glu Ile Asn Arg Gly Arg Thr Glu Trp Arg Lys Lys Pro Thr Arg 
360 365 

Met Asp Tyr Lys Asp His Asp Gly Asp Tyr Lys Asp His Asp Ile Asp 
380 

Tyr Lys Asp Asp Asp Asp Lys 
385 390 

< 210 > SEQ ID NO 24 
< 211 > LENGTH : 391 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polypeptide 

< 400 > SEQUENCE : 24 

Met Ala Thr Ala Ser Thr Phe Ser Ala Phe Asn Ala Arg Cys Gly Asp 
15 

Leu Arg Arg Ser Ala Gly Ser Gly Pro Arg Arg Pro Ala Arg Pro Leu 

Pro Val Arg Gly Arg Ala Ile Pro Pro Arg Ile Ile Val Val Ser Ser 
35 40 

Ser Ser Ser Lys Val Asn Pro Leu Lys Thr Glu Ala Val Val Ser Ser 

Gly Leu Ala Asp Arg Leu Arg Leu Gly Ser Leu Thr Glu Asp Gly Leu 
65 70 75 

Ser Tyr Lys Glu Lys Phe Ile Val Arg Cys Tyr Glu Val Gly Ile Asn 
95 

Lys Thr Ala Thr Val Glu Thr Ile Ala Asn Ser Leu Gln Glu Val Gly 

Cys Asn His Ala Gln Ser Val Gly Tyr Ser Thr Gly Gly Phe Ser Thr 
115 120 

Thr Pro Thr Met Arg Lys Leu Arq Leu Ile Trp Val Thr Ala Arq Met 

His Ile Glu Ile Tyr Lys Tyr Pro Ala Trp Ser Asp Val Val Glu Ile 
145 150 155 

Glu Ser Trp Gly Gin Gly Glu Gly Lys Ile Gly Thr Arg Arg Asp Trp 
175 

Ile Leu Arg Asp Tyr Ala Thr Gly Gin Val Ile Gly Arg Ala Thr Ser 

Lys Trp Val Met Met Asn Gin Asp Thr Arg Arg Leu Gin Lys Val Asp 
195 200 

Val Asp Val Arg Asp Glu Tyr Leu Val His Cys Pro Arg Glu Leu Arg 

Leu Ala Phe Pro Glu Glu Asn Asn Ser Ser Leu Lys Lys Ile Ser Lys 
225 230 235 

Leu Glu Asp Pro Ser Gin Tyr Ser Lys Leu Gly Leu Val Pro Arg Arg 
255 

Ala Asp Leu Asp Met Asn Gin His Val Asn Asn Val Thr Tyr Ile Gly 
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- continued 
260 265 270 

Trp Val Leu Glu Ser Met Pro Gin Glu Ile Ile Asp Thr His Glu Leu 
280 

Gin Thr Ile Thr Leu Asp Tyr Arg Arg Glu Cys Gin His Asp Asp Val 
290 295 300 

Val Asp Ser Leu Thr Ser Pro Glu Pro Ser Glu Asp Ala Glu Ala Val 
305 310 315 320 

Phe Asn His Asn Gly Thr Asn Gly Ser Ala Asn Val Ser Ala Asn Asp 

His Gly Cys Arg Asn Phe Leu His Leu Leu Arg Leu Ser Gly Asn Gly 
350 

Leu Glu Ile Asn Arg Gly Arg Thr Glu Trp Arg Lys Lys Pro Thr Arg 
360 

Met Asp Tyr Lys Asp His Asp Gly Asp Tyr Lys Asp His Asp Ile Asp 
370 375 380 

Tyr Lys Asp Asp Asp Asp Lys 
385 390 

< 210 > SEQ ID NO 25 
< 211 > LENGTH : 391 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polypeptide 
NNNN NN PPP 

< 400 > SEQUENCE : 25 
Met Ala Thr Ala Ser Thr Phe Ser Ala Phe Asn Ala Arg Cys Gly Asp 

15 Met Ala Thr Ala Ser Thr Phe Ser Ala Phe Asn Ala Arg cys Gly Asp 
Leu Arq Ara Ser Ala Gly Ser Gly Pro Ara Arq Pro Ala Ara Pro Leu 

25 30 

Pro Val Arg Gly Arg Ala Ile Pro Pro Arq Ile Ile Val Val Ser Ser 
40 

Ser Ser Ser Lys Val Asn Pro Leu Lys Thr Glu Ala Val Val Ser Ser 

Gly Leu Ala Asp Arg Leu Arg Leu Gly Ser Leu Thr Glu Asp Gly Leu 
80 

Ser Tyr Lys Glu Lys Phe Ile Val Arg Cys Tyr Glu Val Gly Ile Asn 
95 

Lys Thr Ala Thr Val Glu Thr Ile Ala Asn Leu Leu Gin Glu Val Gly 
105 110 

Cys Asn His Ala Gin Ser Val Gly Tyr Ser Thr Val Gly Phe Ser Thr 
120 

Thr Pro Thr Met Arg Lys Leu Arq Leu Ile Trp Val Thr Ala Arg Met 

His Ile Glu Ile Tyr Lys Tyr Pro Ala Trp Ser Asp Val Val Glu Ile 
160 

Glu Ser Trp Gly Gin Gly Glu Gly Lys Ile Gly Thr Arg Arg Asp Trp 
175 

Ile Leu Arg Asp Tyr Ala Thr Gly Gin Val Ile Gly Arg Ala Thr Ser 
185 190 

Lys Trp Val Met Met Asn Gin Asp Thr Arg Arg Leu Gin Lys Val Asp 
200 

Val Asp Val Arg Asp Glu Tyr Leu Val His Cys Pro Arg Glu Leu Arg 
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Leu Ala Phe Pro Glu Glu Asn Asn Ser Ser Leu Lys Lys Ile Ser Lys 
225 230 235 240 

Leu Glu Asp Pro Ser Gin Tyr Ser Lys Leu Gly Leu Val Pro Arg Arg 
245 250 255 

Ala Asp Leu Asp Met Asn Gin His Val Asn Asn Val Thr Tyr Ile Gly 

Trp Val Leu Glu Ser Met Pro Gin Glu Ile Ile Asp Thr His Glu Leu 
280 285 

Gin Thr Ile Thr Leu Asp Tyr Arg Arg Glu Cys Gin His Asp Asp Val 
300 

Val Asp Ser Leu Thr Ser Pro Glu Pro Ser Glu Asp Ala Glu Ala Val 
305 310 315 320 

Phe Asn His Asn Gly Thr Asn Gly Ser Ala Asn Val Ser Ala Asn Asp 
330 335 325 

His Gly Cys Arq Asn Phe Leu His Leu Leu Arq Leu Ser Gly Asn Gly 
350 

Leu Glu Ile Asn Arg Gly Arg Thr Glu Trp Arg Lys Lys Pro Thr Arg 
360 365 

Met Asp Tyr Lys Asp His Asp Gly Asp Tyr Lys Asp His Asp Ile Asp 
380 

Tyr Lys Asp Asp Asp Asp Lys 
385 390 

< 210 > SEQ ID NO 26 
< 211 > LENGTH : 391 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polypeptide 

< 400 > SEQUENCE : 26 
Met Ala Thr Ala Ser Thr Phe Ser Ala Phe Asn Ala Arg Cys Gly Asp 

10 

Leu Arg Arg Ser Ala Gly Ser Gly Pro Arg Arg Pro Ala Arg Pro Leu 
25 30 

Pro Val Arg Gly Arg Ala Ile Pro Pro Arq Ile Ile Val Val Ser Ser 
40 

Ser Ser Ser Lys Val Asn Pro Leu Lys Thr Glu Ala Val Val Ser Ser 
55 

Gly Leu Ala Asp Arg Leu Arg Leu Gly Ser Leu Thr Glu Asp Gly Leu 
70 75 

Ser Tyr Lys Glu Lys Phe Ile Val Arg Cys Tyr Glu Val Gly Ile Asn 
90 

Lys Thr Ala Thr Val Glu Thr Ile Ala Asn Leu Leu Gin Glu Val Gly 
105 110 

Cys Asn His Ala Gin Ser Val Gly Tyr Ser Thr Gly Gly Phe Ser Thr 
120 

Thr Pro Thr Met Arg Lys Leu Arg Leu Ile Trp Val Thr Ala Arg Met 
135 

His Ile Glu Ile Tyr Lys Tyr Pro Ala Trp Ser Asp Val Val Glu Ile 
150 155 

Glu Ser Trp Gly Gin Gly Glu Gly Lys Ile Gly Phe Arg Arg Asp Trp 
170 

Ile Leu Arg Asp Tyr Ala Thr Gly Gin Val Ile Gly Arg Ala Thr Ser 
185 190 
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Lys Trp Val Met Met Asn Gin Asp Thr Arg Arg Leu Gin Lys Val Asp 
195 200 

Val Asp Val Arg Asp Glu Tyr Leu Val His Cys Pro Arg Glu Leu Arg 
215 220 

Leu Ala Phe Pro Glu Glu Asn Asn Ser Ser Leu Lys Lys Ile Ser Lys 
225 240 

Leu Glu Asp Pro Ser Gin Tyr Ser Lys Leu Gly Leu Val Pro Arg Arg 
255 

Ala Asp Leu Asp Met Asn Gin His Val Asn Asn Val Thr Tyr Ile Gly 
265 270 

Trp Val Leu Glu Ser Met Pro Gin Glu Ile Ile Asp Thr His Glu Leu 
275 280 

Gin Thr Ile Thr Leu Asp Tyr Arg Arg Glu Cys Gin His Asp Asp Val 
295 300 

Val Asp Ser Leu Thr Ser Pro Glu Pro Ser Glu Asp Ala Glu Ala Val 
305 320 

Phe Asn His Asn Gly Thr Asn Gly Ser Ala Asn Val Ser Ala Asn Asp 
335 

His Gly Cys Arg Asn Phe Leu His Leu Leu Arg Leu Ser Gly Asn Gly 
345 350 

Leu Glu Ile Asn Arg Gly Arg Thr Glu Trp Arg Lys Lys Pro Thr Arg 
355 360 

Met Asp Tyr Lys Asp His Asp Gly Asp Tyr Lys Asp His Asp Ile Asp 
375 380 

Tyr Lys Asp Asp Asp Asp Lys 
390 385 

< 210 > SEQ ID NO 27 
< 211 > LENGTH : 391 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 

FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polypeptide 

NNNNN 
< 400 > SEQUENCE : 27 
Met Ala Thr Ala Ser Thr Phe Ser Ala Phe Asn Ala Arg Cys Gly Asp Ala Thr Ala ?er Thr Phe ser Ala Phe 
Leu Arg Arg Ser Ala Gly Ser Gly Pro Arg Arg Pro Ala Arg Pro Leu 

25 30 

Pro Val Arg Gly Arg Ala Ile Pro Pro Arg Ile Ile Val Val Ser Ser 
35 

Ser Ser Ser Lys Val Asn Pro Leu Lys Thr Glu Ala Val Val Ser Ser 

Gly Leu Ala Asp Arg Leu Arg Leu Gly Ser Leu Thr Glu Asp Gly Leu 
65 75 

Ser Tyr Lys Glu Lys Phe Ile Val Arg Cys Tyr Glu Val Gly Ile Asn 

Lys Thr Ala Thr Val Glu Thr Ile Ala Asn Leu Leu Gin Glu Val Gly 
105 110 

Cys Asn His Ala Gin Ser Val Gly Tyr Ser Thr Gly Gly Phe Ser Thr 
115 

Thr Pro Thr Met Arg Lys Leu Arq Leu Ile Trp Val Thr Ala Arg Met 

His Ile Glu Ile Tyr Lys Tyr Pro Ala Trp Ser Asp Val Val Glu Ile 



US 10 , 246 , 728 B2 
135 136 

- continued 

150 155 160 
Glu Ser Trp Gly Gin Gly Glu Gly Lys Ile Gly Ala Arg Arg Asp Trp 

170 175 

Ile Leu Arg Asp Tyr Ala Thr Gly Gin Val Ile Gly Arg Ala Thr Ser 
180 190 

Lys Trp Val Met Met Asn Gin Asp Thr Arg Arg Leu Gin Lys Val Asp 
195 200 

Val Asp Val Arg Asp Glu Tyr Leu Val His Cys Pro Arg Glu Leu Arg 

Leu Ala Phe Pro Glu Glu Asn Asn Ser Ser Leu Lys Lys Ile Ser Lys 
230 235 

Leu Glu Asp Pro Ser Gin Tyr Ser Lys Leu Gly Leu Val Pro Arg Arg 
250 255 

Ala Asp Leu Asp Met Asn Gln His Val Asn Asn Val Thr Tyr Ile Gly 
260 270 

Trp Val Leu Glu Ser Met Pro Gin Glu Ile Ile Asp Thr His Glu Leu 
275 280 

Gin Thr Ile Thr Leu Asp Tyr Arg Arg Glu Cys Gin His Asp Asp Val 

Val Asp Ser Leu Thr Ser Pro Glu Pro Ser Glu Asp Ala Glu Ala Val 
310 315 

Phe Asn His Asn Gly Thr Asn Gly Ser Ala Asn Val Ser Ala Asn Asp 
330 335 

His Gly Cys Arg Asn Phe Leu His Leu Leu Arg Leu Ser Gly Asn Gly 
340 350 

Leu Glu Ile Asn Arg Gly Arg Thr Glu Trp Arg Lys Lys Pro Thr Arg 
355 360 

Met Asp Tyr Lys Asp His Asp Gly Asp Tyr Lys Asp His Asp Ile Asp 

Tyr Lys Asp Asp Asp Asp Lys 
385 390 

< 210 > SEQ ID NO 28 
< 211 > LENGTH : 391 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polypeptide 

< 400 > SEQUENCE : 28 

Met Ala Thr Ala Ser Thr Phe Ser Ala Phe Asn Ala Arg Cys Gly Asp 
15 

Leu Arg Arg Ser Ala Gly Ser Gly Pro Arg Arg Pro Ala Arg Pro Leu 
20 25 

Pro Val Arg Gly Arg Ala Ile Pro Pro Arg Ile Ile Val Val Ser Ser 
35 40 

Ser Ser Ser Lys Val Asn Pro Leu Lys Thr Glu Ala Val Val Ser Ser 

Gly Leu Ala Asp Arg Leu Arg Leu Gly Ser Leu Thr Glu Asp Gly Leu 
70 

Ser Tyr Lys Glu Lys Phe Ile Val Arg Cys Tyr Glu Val Gly Ile Asn 
85 95 

Lys Thr Ala Thr Val Glu Thr Ile Ala Asn Leu Leu Gin Glu Val Gly 
100 105 
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Cys Asn His Ala Gin Ser Val Gly Tyr Ser Thr Gly Gly Phe Ser Thr 

115 120 

Thr Pro Thr Met Arg Lys Leu Arg Leu Ile Trp Val Thr Ala Arg Met 
130 135 

His Ile Glu Ile Tyr Lys Tyr Pro Ala Trp Ser Asp Val Val Glu Ile 
145 150 

Glu Ser Trp Gly Gin Gly Glu Gly Lys Ile Gly Lys Arg Arg Asp Trp 
165 170 175 

Ile Leu Arg Asp Tyr Ala Thr Gly Gin Val Ile Gly Arg Ala Thr Ser 
185 190 

Lys Trp Val Met Met Asn Gin Asp Thr Arg Arg Leu Gin Lys Val Asp 
195 200 

Val Asp Val Arg Asp Glu Tyr Leu Val His Cys Pro Arq Glu Leu Arq 
210 215 

Leu Ala Phe Pro Glu Glu Asn Asn Ser Ser Leu Lys Lys Ile Ser Lys 
225 230 

Leu Glu Asp Pro Ser Gin Tyr Ser Lys Leu Gly Leu Val Pro Arg Arg 
245 250 255 

Ala Asp Leu Asp Met Asn Gin His Val Asn Asn Val Thr Tyr Ile Gly 
265 270 

Trp Val Leu Glu Ser Met Pro Gln Glu Ile Ile Asp Thr His Glu Leu 
275 280 

Gin Thr Ile Thr Leu Asp Tyr Arg Arg Glu cys Gin His Asp Asp Val 
290 295 

Val Asp Ser Leu Thr Ser Pro Glu Pro Ser Glu Asp Ala Glu Ala Val 
305 310 

Phe Asn His Asn Gly Thr Asn Gly Ser Ala Asn Val Ser Ala Asn Asp 
325 330 335 

His Gly Cys Arg Asn Phe Leu His Leu Leu Arg Leu Ser Gly Asn Gly 
345 350 

Leu Glu Ile Asn Arg Gly Arg Thr Glu Trp Arg Lys Lys Pro Thr Arg 
355 360 

Met Asp Tyr Lys Asp His Asp Gly Asp Tyr Lys Asp His Asp Ile Asp 
370 375 

Tyr Lys Asp Asp Asp Asp Lys 
385 390 

< 210 > SEQ ID NO 29 
< 211 > LENGTH : 391 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polypeptide 

< 400 > SEQUENCE : 29 
Met Ala Thr Ala Ser Thr Phe Ser Ala Phe Asn Ala Arg Cys Gly Asp 

15 

Leu Arg Arg Ser Ala Gly Ser Gly Pro Arg Arg Pro Ala Arg Pro Leu 
25 

Pro Val Arg Gly Arg Ala Ile Pro Pro Arg Ile Ile Val Val Ser Ser 
35 40 

Ser Ser Ser Lys Val Asn Pro Leu Lys Thr Glu Ala Val Val Ser Ser 
55 60 

Gly Leu Ala Asp Arg Leu Arg Leu Gly Ser Leu Thr Glu Asp Gly Leu 
70 80 
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Ser Tyr Lys Glu Lys Phe Ile Val Arg Cys Tyr Glu Val Gly Ile Asn 
95 90 

Lys Thr Ala Thr Val Glu Thr Ile Ala Asn Leu Leu Gln Glu Val Gly 
100 

Cys Asn His Ala Gin Ser Val Gly Tyr Ser Thr Gly Gly Phe Ser Thr 
115 

Thr Pro Thr Met Arg Lys Leu Arg Leu Ile Trp Val Thr Ala Arg Met 

His Ile Glu Ile Tyr Lys Tyr Pro Ala Trp Ser Asp Val Val Glu Ile 
145 150 160 

Glu Ser Trp Gly Gin Gly Glu Gly Lys Ile Gly Val Arg Arg Asp Trp 
170 175 

Ile Leu Arg Asp Tyr Ala Thr Gly Gin Val Ile Gly Arg Ala Thr Ser 
180 

Lys Trp Val Met Met Asn Gin Asp Thr Arg Arg Leu Gin Lys Val Asp 
195 

Val Asp Val Arg Asp Glu Tyr Leu Val His Cys Pro Arg Glu Leu Arg 

Leu Ala Phe Pro Glu Glu Asn Asn Ser Ser Leu Lys Lys Ile Ser Lys 
225 230 240 

Leu Glu Asp Pro Ser Gin Tyr Ser Lys Leu Gly Leu Val Pro Arg Arg 
250 255 

Ala Asp Leu Asp Met Asn Gin His Val Asn Asn Val Thr Tyr Ile Gly 
260 

Trp Val Leu Glu Ser Met Pro Gin Glu Ile Ile Asp Thr His Glu Leu 
275 

Gin Thr Ile Thr Leu Asp Tyr Arg Arg Glu Cys Gin His Asp Asp Val 

Val Asp Ser Leu Thr Ser Pro Glu Pro Ser Glu Asp Ala Glu Ala Val 
305 310 320 

Phe Asn His Asn Gly Thr Asn Gly Ser Ala Asn Val Ser Ala Asn Asp 
330 335 

His Gly Cys Arg Asn Phe Leu His Leu Leu Arg Leu Ser Gly Asn Gly 
340 

Leu Glu Ile Asn Arg Gly Arg Thr Glu Trp Arg Lys Lys Pro Thr Arg 
355 

Met Asp Tyr Lys Asp His Asp Gly Asp Tyr Lys Asp His Asp Ile Asp 

Tyr Lys Asp Asp Asp Asp Lys 
385 390 

< 210 > SEO ID NO 30 
< 211 > LENGTH : 5451 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polynucleotide 

< 400 > SEQUENCE : 30 

ccctcaactg cgacgctggg aaccttctcc gggcaggcga tgtgcgtggg tttgcctcct 

tggcacggct ctacaccgtc gagtacgcca tgaggcggtg atggctgtgt cggttgccac 120 
ttcgtccaga gacggcaagt cgtccatcct ctgcgtgtgt ggcgcgacgc tgcagcagtc 180 

cctctgcago agatgagcgt gactttggcc atttcacgca ctcgagtgta cacaatccat 240 
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ttttcttaaa gcaaatgact gctgattgac cagatactgt aacgctgatt tcgctccaga 300 
tcgcacagat agcgaccatg ttgctgcgtc tgaaaatctg gattccgaat tcgaccctgg 360 

cgctccatcc atgcaacaga tggcgacact tgttacaatt cctgtcaccc atcggcatgg 420 

agcaggtcca cttagattcc cgatcaccca cgcacatctc gctaatagtc attcgttcgt 480 

gtcttcgatc aatctcaagt gagtgtgcat ggatcttggt tgacgatgcg gtatgggttt 540 

gcgccgctgg ctgcagggtc tgcccaaggc aagctaaccc agctcctctc cccgacaata 600 
ctctcgcagg caaagccggt cacttgcctt ccagattgcc aataaactca attatggcct 660 

ctgtcatgcc atccatgggt ctgatgaatg gtcacgctcg tgtcctgacc gttccccago 720 

ctctggcgtc ccctgccccg cccaccagcc cacgccgcgc ggcagtcgct gccaaggctg 780 

tctcggaggt accctttctt gcgctatgac acttccagca aaaggtaggg cgggctgcga 840 

gacggcttcc cggcgctgca tgcaacaccg atgatgcttc gaccccccga agctccttcg 900 

gggctgcatg ggcgctccga tgccgctcca gggcgagcgc tgtttaaata gccaggcccc 960 

cgattgcaaa gacattatag cgagctacca aagccatatt caaacaccta gatcactacc 1020 
acttctacac aggccactcg agcttgtgat cgcactccgc taagggggcg cctcttcctc 1080 
ttcgtttcag tcacaacccg caaactctag aatatcaatg atcgagcagg acggcctcca 1140 

cgccggctcc cccgccgcct gggtggagcg cctgttcggc tacgactggg cccagcagac 1200 

catcggctgc tccgacgccg ccgtgttccg cctgtccgcc cagggccgcc ccgtgctgtt 1260 
cgtgaagacc gacctgtccg gcgccctgaa cgagctgcag gacgaggccg cccgcctgtc 1320 
ctggctggcc accaccggcg tgccctgcgc cgccgtgctg gacgtggtga ccgaggccgg 1380 

ccgcgactgg ctgctgctgg gcgaggtgcc cggccaggac ctgctgtcct cccacctggc 1440 
ccccgccgag aaggtgtcca tcatggccga cgccatgcgc cgcctgcaca ccctggaccc 1500 
cgccacctgc cccttcgacc accaggccaa gcaccgcatc gagcgcgccc gcacccgcat 1560 
ggaggccggc ctggtggacc aggacgacct ggacgaggag caccagggcc tggcccccgc 1620 

1680 cgagctgttc goccgcctga aggcccgcat gcccgacggc gaggacctgg tggtgaccca 
cggcgacgcc tgcctgccca acatcatggt ggagaacggc cgcttctccg gottcatcga 1740 
ctgcggccgc ctgggcgtgg ccgaccgcta ccaggacatc gccctggcca cccgcgacat 1800 

cgccgaggag ctgggcggcg agtgggccga ccgcttcctg gtgctgtacg gcatcgccgc 1860 
ccccgactcc cagcgcatcg ccttctaccg cctgctggac gagttcttct gacaattgac 1920 
gcccgcgcgg cgcacctgac ctgttctctc gagggcgcct gttctgcctt gcgaaacaag 1980 

cccctggagc atgcgtgcat gatcgtctct ggcgccccgc cgcgcggttt gtcgccctcg 2040 
cgggcgccgc ggccgcgggg gcgcattgaa attgttgcaa accccacctg acagattgag 2100 
ggcccaggca ggaaggcgtt gagatggagg tacaggagtc aagtaactga aagtttttat 2160 
gataactaac aacaaagggt cgtttctggc cagcgaatga caagaacaag attccacatt 2220 

tccgtgtaga ggcttgccat cgaatgtgag cgggcgggcc gcggacccga caaaaccctt 2280 

acgacgtggt aagaaaaacg tggcgggcac tgtccctgta gcctgaagac cagcaggaga 2340 

cgatcggaag catcacagca caggatcccg cgtctcgaac agagcgcgca gaggaacgct 2400 

gaaggtctcg cctctgtcgc acctcagcgc ggcatacacc acaataacca cctgacgaat 2460 

gcgcttggtt cttcgtccat tagcgaagcg tccggttcac acacgtgcca cgttggcgag 2520 
gtggcaggtg acaatgatcg gtggagctga tggtcgaaac gttcacagcc tagggatatc 2580 
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gtgaaaactc gctcgaccgc ccgcgtcccg caggcagcga tgacgtgtgc gtgacctggg 2640 

tgtttcgtcg aaaggccagc aaccccaaat cgcaggcgat ccggagattg ggatctgatc 2700 
cgagcttgga ccagatcccc cacgatgcgg cacgggaact gcatcgactc ggcgcggaac 2760 

ccagctttcg taaatgccag attggtgtcc gataccttga tttgccatca gcgaaacaag 2820 
acttcagcag cgagcgtatt tggcgggcgt gctaccaggg ttgcatacat tgcccatttc 2880 
tgtctggacc gotttaccgg cgcagagggt gagttgatgg ggttggcagg catcgaaacg 2940 
cgcgtgcatg gtgtgtgtgt ctgttttcgg ctgcacaatt tcaatagtcg gatgggcgac 3000 

ggtagaattg ggtgttgcgc tcgcgtgcat gcctcgcccc gtcgggtgtc atgaccggga 3060 
ctggaatccc ccctcgcgac cctcctgcta acgctcccga ctctcccgcc cgcgcgcagg 3120 
atagactcta gttcaaccaa tcgacaacta gtatggccac cgcatccact ttctcggcgt 3180 
tcaatgcccg ctgcggcgac ctgcgtcgct cggcgggctc cgggccccgg cgcccagcga 3240 
ggcccctccc cgtgcgcggg cgcgccatcc ccccccgcat catcgtggtg tcctcctcct 3300 
cctccaaggt gaaccccctg aagaccgagg ccgtggtgtc ctccggcctg gccgaccgcc 3360 
tgcgcctggg ctccctgacc gaggacggcc tgtcctacaa ggagaagttc atcgtgcgct 3420 
gctacgaggt gggcatcaac aagaccgcca ccgtggagac catcgccaac ctgctgcagg 3480 

aggtgggctg caaccacgcc cagtccgtgg gctactccac cggcggcttc tccaccaccc 3540 

ccaccatgcg caagctgcgc ctgatctggg tgaccgcccg catgcacatc gagatctaca 3600 
agtaccccgc ctggtccgac gtggtggaga tcgagtcctg gggccagggc gagggcaaga 3660 
tcggcacccg ccgcgactgg atcctgcgcg actacgccac cggccaggtg atcggccgcg 3720 
ccacctccaa gtgggtgatg atgaaccagg acacccgccg cctgcagaag gtggacgtgg 3780 
acgtgcgcga cgagtacctg gtgcactgcc cccgcgagct gcgcctggcc ttccccgagg 3840 

agaacaactc ctccctgaag aagatctcca agctggagga cccctcccag tactccaagc 3900 
tgggcctggt gccccgccgc gccgacctgg acatgaacca gcacgtgaac aacgtgacct 3960 
acatcggctg ggtgctggag tccatgcccc aggagatcat cgacacccac gagctgcaga 4020 

ccatcaccct ggactaccgc cgcgagtgcc agcacgacga cgtggtggac tccctgacct 4080 
cccccgagcc ctccgaggac gccgaggccg tgttcaacca caacggcacc aacggctccg 4140 

ccaacgtgtc cgccaacgac cacggctgcc gcaacttcct gcacctgctg cgcctgtccg 4200 
gcaacggcct ggagatcaac cgcggccgca ccgagtggcg caagaagccc acccgcatgg 4260 

actacaagga ccacgacggc gactacaagg accacgacat cgactacaag gacgacgacg 4320 
acaagtgaat cgatgcagca gcagctcgga tagtatcgac acactctgga cgctggtcgt 4380 
gtgatggact gttgccgcca cacttgctgc cttgacctgt gaatatccct gccgctttta 4440 

tcaaacagcc tcagtgtgtt tgatcttgtg tgtacgcgct tttgcgagtt gotagctgct 4500 

tgtgctattt gcgaatacca cccccagcat ccccttccct cgtttcatat cgcttgcatc 4560 

ccaaccgcaa cttatctacg ctgtcctgct atccctcago gctgctcctg ctcctgctca 4620 
ctgcccctcg cacagccttg gtttgggctc cgcctgtatt ctcctggtac tgcaacctgt 4680 

aaaccagcac tgcaatgctg atgcacggga agtagtggga tgggaacaca aatggaaagc 4740 

ttgagctcca gcgccatgcc acgccctttg atggcttcaa gtacgattac ggtgttggat 4800 
tgtgtgtttg ttgcgtagtg tgcatggttt agaataatac acttgatttc ttgctcacgg 4860 
caatctcggc ttgtccgcag gttcaacccc atttcggagt ctcaggtcag ccgcgcaatg 4920 
accagccgct acttcaagga cttgcacgac aacgccgagg tgagctatgt ttaggacttg 4980 
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attagaaatt gtcgtcgacg catattcgcg ctccgcgaca gcacccaagc aaaatgtcaa 5040 
gtgcgttccg atttgcgtcc gcaggtcgat gttgtgatog tcggcgccgg atccgccggt 5100 
ctgtcctgcg cttacgagct gaccaagcac cctgacgtcc gggtacgcga gotgagattc 5160 
gattagacat aaattgaaga ttaaacccgt agaaaaattt gatggtcgcg aaactgtgct 5220 

cgattgcaag aaattgatcg tcctccastc cgcaggtcgc catcatcgag cagggcgttg 5280 
ctcccggcgg cggcgcctgg ctggggggac agctgttctc ggccatgtgt gtacgtagaa 5340 
ggatgaattt cagctggttt tcgttgcaca gctgtttgtg catgatttgt ttcagactat 5400 

tgttgaatgt ttttagattt cttaggatgc atgatttgtc tocatgcgac t 5451 5451 

< 210 > SEQ ID NO 31 
< 211 > LENGTH : 1176 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 

20 > FEATURE : 
23 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polynucleotide 

V 

V 

< 400 > SEQUENCE : 31 
atggccaccg catccacttt ctcggcgttc aatgcccgct goggcgacct gcgtcgctcg 60 
gcgggctccg ggccccggcg cccagcgagg cccctccccg tgcgcgggcg cgccatcccc 120 

ccccgcatca tcgtggtgtc ctcctcctcc tccaaggtga accccctgaa gaccgaggcc 180 
gtggtgtcct ccggcctggc cgaccgcctg cgcctgggct ccctgaccga ggacggcctg 240 

tcctacaagg agaagttcat cgtgcgctgc tacgaggtgg gcatcaacaa gaccgccacc 300 
gtggagacca tcgccaacct gctgcaggag gtgggctgca accacgccca gtccgtgggc 360 

tactccaccg goggcttcgc caccaccccc accatgcgca agctgcgcct gatctgggtg 420 

accgcccgca tgcacatcga gatctacaag taccccgcct ggtccgacgt ggtggagatc 480 

gagtcctggg gccagggcga gggcaagatc ggcacccgcc gcgactggat cctgcgcgac 540 

tacgccaccg gccaggtgat cggccgcgcc acctccaagt gggtgatgat gaaccaggac 600 
acccgccgcc tgcaga aggt ggacgcggac gtgcgcgacg agtacctggt gcactgcccc 660 

cgcgagctgc gcctggcctt ccccgaggag aacaactcct ccctgaagaa gatctccaag 720 

ctggaggacc cctcccagta ctccaagctg ggcctggtgc cccgccgcgc cgacctggac 780 

atgaaccagc acgtgaacaa cgtgacctac atcggctggg tgctggagtc catgccccag 840 

gagatcatcg acacccacga gctgcagacc atcaccctgg actaccgccg cgagtgccag 900 
cacgacgacg tggtggactc cctgacctcc cccgagccct ccgaggacgc cgaggccgtg 
ttcaaccaca acggcaccaa cggctccgcc aacgtgtccg ccaacgacca cggctgccgc 

960 
1020 

aacttcctgc acctgctgcg cctgtccggo aacggcctgg agatcaaccg cggccgcacc 1080 
gagtggcgca agaagcccac ccgcatggac tacaaggacc acgacggcga ctacaaggac 1140 
cacgacatcg actacaagga cgacgacgac aagtga 1176 

< 210 > SEQ ID NO 32 
< 211 > LENGTH : 1176 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 

20 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polynucleotide 

< 400 > SEQUENCE : 32 
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- continued 
atggccaccg catccacttt ctcggcgttc aatgcccgct geggcgacct gcgtcgctcg 60 
gcgggctccg ggccccggcg cccagcgagg cccctccccg tgcgcgggcg cgccatcccc 120 
ccccgcatca tcgtggtgtc ctcctcctcc tccaaggtga accccctgaa gaccgaggcc 180 

gtggtgtcct ccggcctggc cgaccgcctg cgcctgggct ccctgaccga ggacggcctg 240 
tcctacaagg agaagttcat cgtgcgctgc tacgaggtgg gcatcaacaa gaccgccacc 300 

gtggagacca tcgccaacct gctgcaggag gtgggctgca accacgccca gtccgtgggc 360 

tactccaccg goggcttcgt caccaccccc accatgcgca agctgcgcct gatctgggtg 420 

accgcccgca tgcacatcga gatctacaag taccccgcct ggtccgacgt ggtggagato 480 

gagtcctggg gccagggcga gggcaagatc ggcacccgcc gcgactggat cctgcgcgac 540 

tacgccaccg gccaggtgat cggccgcgcc acctccaagt gggtgatgat gaaccaggac 600 

acccgccgcc tgcagaaggt ggacgcggac gtgcgcgacg agtacctggt gcactgcccc 660 

cgcgagctgc gcctggcctt ccccgaggag aacaactcct ccctgaagaa gatctccaag 720 

ctggaggacc cctcccagta ctccaagctg ggcctggtgc cccgccgcgc cgacctggac 780 
atgaaccagc acgtgaacaa cgtgacctac atcggctggg tgctggagtc catgccccag 840 
gagatcatcg acacccacga gctgcagacc atcaccctgg actaccgccg cgagtgccag 900 
cacgacgacg tggtggactc cctgacctcc cccgagccct ccgaggacgc cgaggccgtg 960 

ttcaaccaca acggcaccaa cggctccgcc aacgtgtccg ccaacgacca cggctgccgc 1020 
aacttcctgc acctgctgcg cctgtccggc aacggcctgg agatcaaccg cggccgcacc 1080 

gagtggcgca agaagcccac ccgcatggac tacaaggacc acgacggcga ctacaaggac 1140 
cacgacatcg actacaagga cgacgacgac aagtga 1176 

< 210 > SEQ ID NO 33 
< 211 > LENGTH : 1176 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 

FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polynucleotide 

< 400 > SEQUENCE : 33 

atggccaccg catccacttt ctcggcgtto aatgcccgct goggcgacct gcgtcgctcg 60 
gcgggctccg ggccccggcg cccagcgagg cccctccccg tgcgcgggcg cgccatcccc 120 
ccccgcatca tcgtggtgtc ctcctcctcc tccaaggtga accccctgaa gaccgaggcc 180 

gtggtgtcct ccggcctggc cgaccgcctg cgcctgggct ccctgaccga ggacggcctg 240 
tcctacaagg agaagttcat cgtgcgctgc tacgaggtgg gcatcaacaa gaccgccacc 300 

gtggagacca tcgccaacct gctgcaggag gtggcgtgca accacgccca gtccgtgggc 360 

tactccaccg goggcttctc caccaccccc accatgcgca agctgcgcct gatctgggtg 420 

accgcccgca tgcacatcga gatctacaag taccccgcct ggtccgacgt ggtggagato 480 

gagtcctggg gccagggcga gggcaagatc ggcacccgcc gcgactggat cctgcgcgac 540 

tacgccaccg gccaggtgat cggccgcgcc acctccaagt gggtgatgat gaaccaggac 600 
acccgccgcc tgcagaaggt ggacgtggac gtgcgcgacg agtacctggt gcactgcccc 660 

cgcgagctgc gcctggcctt ccccgaggag aacaactcct ccctgaagaa gatctccaag 720 

ctggaggacc cctcccagta ctccaagctg ggcctggtgc cccgccgcgc cgacctggac 780 
atgaaccagc acgtgaacaa cgtgacctac atcggctggg tgctggagtc catgccccag 840 
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gagatcatcg acacccacga gctgcagacc atcaccctgg actaccgccg cgagtgccag 900 

cacgacgacg tggtggactc cctgacctcc cccgagccct ccgaggacgc cgaggccgtg 960 
1020 ttcaaccaca acggcaccaa cggctccgcc aacgtgtccg ccaacgacca cggctgccgc 

aacttcctgc acctgctgcg cctgtccggc aacggcctgg agatcaaccg cggccgcacc 1080 
1140 gagtggcgca agaagcccac ccgcatggac tacaaggacc acgacggcga ctacaaggac 

cacgacatcg actacaagga cgacgacgac aagtga 1176 

< 210 > SEQ ID NO 34 
< 211 > LENGTH : 1176 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polynucleotide 

< 400 > SEQUENCE : 34 

atggccaccg catccacttt ctcggcgttc aatgcccgct gcggcgacct gcgtcgctcg 60 

gcgggctccg ggccccggcg cccagcgagg cccctccccg tgcgcgggcg cgccatcccc 120 
ccccgcatca tcgtggtgtc ctcctcctcc tccaaggtga accccctgaa gaccgaggcc 180 
gtggtgtcct ccggcctggc cgaccgcctg cgcctgggct ccctgaccga ggacggcctg 240 
tcctacaagg agaagttcat cgtgcgctgc tacgaggtgg gcatcaacaa gaccgccacc 300 

gtggagacca tcgccaacct gctgcaggag gtgacgtgca accacgccca gtccgtgggc 360 

tactccaccg goggcttctc caccaccccc accatgcgca agctgcgcct gatctgggtg 420 

accgcccgca tgcacatcga gatctacaag taccccgcct ggtccgacgt ggtggagato 480 

gagtcctggg gccagggcga gggcaagatc ggcacccgcc gcgactggat cctgcgcgac 540 

tacgccaccg gccaggtgat cggccgcgcc acctccaagt gggtgatgat gaaccaggac 600 

acccgccgcc tgcagaaggt ggacgtggac gtgcgcgacg agtacctggt gcactgcccc 660 

cgcgagctgc gcctggcctt ccccgaggag aacaactcct ccctgaagaa gatctccaag 720 

ctggaggacc cctcccagta ctccaagctg ggcctggtgc cccgccgcgc cgacctggac 780 

atgaaccagc acgtgaacaa cgtgacctac atcggctggg tgctggagtc catgccccag 840 
gagatcatcg acacccacga gctgcagacc atcaccctgg actaccgccg cgagtgccag 900 
cacgacgacg tggtggactc cctgacctcc cccgagccct ccgaggacgc cgaggccgtg 960 

ttcaaccaca acggcaccaa cggctccgcc aacgtgtccg ccaacgacca cggctgccgc 1020 
aacttcctgc acctgctgcg cctgtccggc aacggcctgg agatcaaccg cggccgcacc 1080 
gagtggcgca agaagcccac ccgcatggac tacaaggacc acgacggcga ctacaaggac 1140 

cacgacatcg actacaagga cgacgacgac aagtga 1176 

< 210 > SEQ ID NO 35 
< 211 > LENGTH : 1176 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polynucleotide 

< 400 > SEQUENCE : 35 

atggccaccg catccacttt ctcggcgttc aatgcccgct geggcgacct gcgtcgctcg 60 

gcgggctccg ggccccggcg cccagcgagg cccctccccg tgcgcgggcg cgccatcccc 120 
ccccgcatca tcgtggtgtc ctcctcctcc tccaaggtga accccctgaa gaccgaggcc 180 
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gtggtgtcct ccggcctggc cgaccgcctg cgcctgggct ccctgaccga ggacggcctg 240 
tcctacaagg agaagttcat cgtgcgctgc tacgaggtgg gcatcaacaa gaccgccacc 300 

gtggagacca tcgccaacct gctgcaggag gtggtgtgca accacgccca gtccgtgggc 360 
tactccaccg goggcttctc caccaccccc accatgcgca agctgcgcct gatctgggtg 420 

accgcccgca tgcacatcga gatctacaag taccccgcct ggtccgacgt ggtggagato 480 

gagtcctggg gccagggcga gggcaagatc ggcacccgcc gcgactggat cctgcgcgac 540 

tacgccaccg gccaggtgat cggccgcgcc acctccaagt gggtgatgat gaaccaggac 600 

acccgccgcc tgcagaaggt ggacgtggac gtgcgcgacg agtacctggt gcactgcccc 660 

cgcgagctgc gcctggcctt ccccgaggag aacaactcct ccctgaagaa gatctccaag 720 
ctggaggacc cctcccagta ctccaagctg ggcctggtgc cccgccgcgc cgacctggac 780 

atgaaccagc acgtgaacaa cgtgacctac atcggctggg tgctggagtc catgccccag 840 

gagatcatcg acacccacga gctgcagacc atcaccctgg actaccgccg cgagtgccag 900 
cacgacgacg tggtggactc cctgacctcc cccgagccct ccgaggacgc cgaggccgtg 960 
ttcaaccaca acggcaccaa cggctccgcc aacgtgtccg ccaacgacca cggctgccgc 1020 

aacttcctgc acctgctgcg cctgtccggc aacggcctgg agatcaaccg cggccgcacc 1080 
gagtggcgca agaagcccac ccgcatggac tacaaggacc acgacggcga ctacaaggac 1140 
cacgacatcg actacaagga cgacgacgac aagtga 1176 

< 210 > SEQ ID NO 36 
< 211 > LENGTH : 1176 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polynucleotide 

< 400 > SEQUENCE : 36 

60 atggccaccg catccacttt ctcggcgttc aatgcccgct goggcgacct gcgtcgctcg 
gcgggctccg ggccccggcg cccagcgagg cccctccccg tgcgcgggcg cgccatcccc 120 

ccccgcatca tcgtggtgtc ctcctcctcc tccaaggtga accccctgaa gaccgaggcc 180 
gtggtgtcct ccggcctggc cgaccgcctg cgcctgggct ccctgaccga ggacggcctg 240 
tcctacaagg agaagttcat cgtgcgctgc tacgaggtgg gcatcaacaa gaccgccacc 300 

gtggagacca tcgccaacct gctgcaggag gtgggctgca accacgccca gtccgtgggc 360 

tactccaccg ccggcttctc caccaccccc accatgcgca agctgcgcct gatctgggtg 420 

accgcccgca tgcacatcga gatctacaag taccccgcct ggtccgacgt ggtggagatc 480 

gagtcctggg gccagggcga gggcaagatc ggcacccgcc gcgactggat cctgcgcgac 540 
tacgccaccg gccaggtgat cggccgcgcc acctccaagt gggtgatgat gaaccaggac 600 
acccgccgcc tgcagaaggt ggacgtggac gtgcgcgacg agtacctggt gcactgcccc 660 
cgcgagctgc gcctggcctt ccccgaggag aacaactcct ccctgaagaa gatctccaag 720 

ctggaggacc cctcccagta ctccaagctg ggcctggtgc cccgccgcgc cgacctggac 780 

atgaaccagc acgtgaacaa cgtgacctac atcggctggg tgctggagtc catgccccag 840 

gagatcatcg acacccacga gctgcagacc atcaccctgg actaccgccg cgagtgccag 900 
cacgacgacg tggtggactc cctgacctcc cccgagccct ccgaggacgc cgaggccgtg 960 

ttcaaccaca acggcaccaa cggctccgcc aacgtgtccg ccaacgacca cggctgccgc 1020 



US 10 , 246 , 728 B2 
153 154 

- continued 

aacttcctgc acctgctgcg cctgtccggc aacggcctgg agatcaaccg cggccgcacc 1080 
gagtggcgca agaagcccac ccgcatggac tacaaggacc acgacggcga ctacaaggac 1140 

cacgacatcg actacaagga cgacgacgac aagtga 1176 

V 

< 210 > SEQ ID NO 37 
< 211 > LENGTH : 1176 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polynucleotide 

V 

V 

? ?? 
V 

< 400 > SEQUENCE : 37 

atggccaccg catccacttt ctcggcgttc aatgcccgct gcggcgacct gcgtcgctcg 60 

gcgggctccg ggccccggcg cccagcgagg cccctccccg tgcgcgggcg cgccatcccc 120 

ccccgcatca tcgtggtgtc ctcctcctcc tccaaggtga accccctgaa gaccgaggcc 180 

gtggtgtcct ccggcctggc cgaccgcctg cgcctgggct ccctgaccga ggacggcctg 240 
tcctacaagg agaagttcat cgtgcgctgc tacgaggtgg gcatcaacaa gaccgccacc 300 
gtggagacca tcgccaactt cctgcaggag gtgggctgca accacgccca gtccgtgggc 360 
tactccaccg goggcttctc caccaccccc accatgcgca agctgcgcct gatctgggtg 420 

accgcccgca tgcacatcga gatctacaag taccccgcct ggtccgacgt ggtggagatc 480 

gagtcctggg gccagggcga gggcaagatc ggcacccgcc gcgactggat cctgcgcgac 540 

tacgccaccg gccaggtgat cggccgcgcc acctccaagt gggtgatgat gaaccaggac 600 
acccgccgcc tgcaga aggt ggacgtggac gtgcgcgacg agtacctggt gcactgcccc 660 
cgcgagctgc gcctggcctt ccccgaggag aacaactcct ccctgaagaa gatctccaag 720 

ctggaggacc cctcccagta ctccaagctg ggcctggtgc cccgccgcgc cgacctggac 780 

atgaaccagc acgtgaacaa cgtgacctac atcggctggg tgctggagtc catgccccag 840 

gagatcatcg acacccacga gctgcagacc atcaccctgg actaccgccg cgagtgccag 900 
cacgacgacg tggtggactc cctgacctcc cccgagccct ccgaggacgc cgaggccgtg 960 

ttcaaccaca acggcaccaa cggctccgcc aacgtgtccg ccaacgacca cggctgccgo 1020 
aacttcctgc acctgctgcg cctgtccggc aacggcctgg agatcaaccg cggccgcacc 1080 
gagtggcgca agaagcccac ccgcatggac tacaaggacc acgacggcga ctacaaggac 1140 

cacgacatcg actacaagga cgacgacgac aagtga 1176 

?? 
< 210 > SEQ ID NO 38 
< 211 > LENGTH : 1176 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polynucleotide 

?? 

?? 

< 400 > SEQUENCE : 38 

atggccaccg catccacttt ctcggcgttc aatgcccgct gcggcgacct gcgtcgctcg 60 

gcgggctccg ggccccggcg cccagcgagg cccctccccg tgcgcgggcg cgccatcccc 120 
ccccgcatca tcgtggtgtc ctcctcctcc tccaaggtga accccctgaa gaccgaggcc 180 

gtggtgtcct ccggcctggc cgaccgcctg cgcctgggct ccctgaccga ggacggcctg 240 
tcctacaagg agaagttcat cgtgcgctgc tacgaggtgg gcatcaacaa gaccgccacc 300 
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gtggagacca tcgccaacaa gctgcaggag gtgggctgca accacgccca gtccgtgggc 360 
tactccaccg goggcttctc caccaccccc accatgcgca agctgcgcct gatctgggtg 420 
accgcccgca tgcacatcga gatctacaag taccccgcct ggtccgacgt ggtggagato 480 

gagtcctggg gccagggcga gggcaagatc ggcacccgcc gcgactggat cctgcgcgac 540 

tacgccaccg gccaggtgat cggccgcgcc acctccaagt gggtgatgat gaaccaggac 600 

acccgccgcc tgcagaaggt ggacgtggac gtgcgcgacg agtacctggt gcactgcccc 660 

cgcgagctgc gcctggcctt ccccgaggag aacaactcct ccctgaagaa gatctccaag 720 

ctggaggacc cctcccagta ctccaagctg ggcctggtgc cccgccgcgc cgacctggac 780 

atgaaccagc acgtgaacaa cgtgacctac atcggctggg tgctggagtc catgccccag 840 

gagatcatcg acacccacga gctgcagacc atcaccctgg actaccgccg cgagtgccag 900 

cacgacgacg tggtggactc cctgacctcc cccgagccct ccgaggacgc cgaggccgtg 960 
ttcaaccaca acggcaccaa cggctccgcc aacgtgtccg ccaacgacca cggctgccgc 1020 

aacttcctgc acctgctgcg cctgtccggc aacggcctgg agatcaaccg cggccgcacc 1080 
gagtggcgca agaagcccac ccgcatggac tacaaggacc acgacggcga ctacaaggac 1140 
cacgacatcg actacaagga cgacgacgac aagtga 1176 

< 210 > SEQ ID NO 39 
< 211 > LENGTH : 1176 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polynucleotide 

< 400 > SEQUENCE : 39 
atggccaccg catccacttt ctcggcgttc aatgcccgct gcggcgacct gcgtcgctcg 60 
gcgggctccg ggccccggcg cccagcgagg cccctccccg tgcgcgggcg cgccatcccc 120 

ccccgcatca tcgtggtgtc ctcctcctcc tccaaggtga accccctgaa gaccgaggcc 180 

gtggtgtcct ccggcctggc cgaccgcctg cgcctgggct ccctgaccga ggacggcctg 240 

tcctacaagg agaagttcat cgtgcgctgc tacgaggtgg gcatcaacaa gaccgccacc 300 

gtggagacca tcgccaactc gctgcaggag gtgggctgca accacgccca gtccgtgggc 360 
tactccaccg goggcttctc caccaccccc accatgcgca agctgcgcct gatctgggtg 420 

accgcccgca tgcacatcga gatctacaag taccccgcct ggtccgacgt ggtggagato 480 

gagtcctggg gccagggcga gggcaagatc ggcacccgcc gcgactggat cctgcgcgac 540 

tacgccaccg gccaggtgat cggccgcgcc acctccaagt gggtgatgat gaaccaggac 600 
acccgccgcc tgcagaaggt ggacgtggac gtgcgcgacg agtacctggt gcactgcccc 660 

cgcgagctgc gcctggcctt ccccgaggag aacaactcct ccctgaagaa gatctccaag 720 

ctggaggacc cctcccagta ctccaagctg ggcctggtgc cccgccgcgc cgacctggac 780 

atgaaccagc acgtgaacaa cgtgacctac atcggctggg tgctggagtc catgccccag 840 

gagatcatcg acacccacga gctgcagacc atcaccctgg actaccgccg cgagtgccag 900 
cacgacgacg tggtggactc cctgacctcc cccgagccct ccgaggacgc cgaggccgtg 960 

1020 ttcaaccaca acggcaccaa cggctccgcc aacgtgtccg ccaacgacca cggctgccgc 

aacttcctgc acctgctgcg cctgtccggc aacggcctgg agatcaaccg cggccgcacc 1080 
gagtggcgca agaagcccac ccgcatggac tacaaggacc acgacggcga ctacaaggac 1140 
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cacgacatcg actacaagga cgacgacgac aagtga 1176 

V 

V 

V 

V 

< 210 > SEQ ID NO 40 
< 211 > LENGTH : 1176 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polynucleotide 

V 

V 

< 400 > SEQUENCE : 40 

atggccaccg catccacttt ctcggcgttc aatgcccgct gcggcgacct gcgtcgctcg 60 
gcgggctccg ggccccggcg cccagcgagg cccctccccg tgcgcgggcg cgccatcccc 120 

ccccgcatca tcgtggtgtc ctcctcctcc tccaaggtga accccctgaa gaccgaggcc 180 

gtggtgtcct ccggcctggc cgaccgcctg cgcctgggct ccctgaccga ggacggcctg 240 

tcctacaagg agaagttcat cgtgcgctgc tacgaggtgg gcatcaacaa gaccgccacc 300 

gtggagacca tcgccaacct gctgcaggag gtgggctgca accacgccca gtccgtgggc 360 

tactccaccg tcggcttctc caccaccccc accatgcgca agctgcgcct gatctgggtg 420 
accgcccgca tgcacatcga gatctacaag taccccgcct ggtccgacgt ggtggagato 480 

gagtcctggg gccagggcga gggcaagatc ggcacccgcc gcgactggat cctgcgcgac 540 

tacgccaccg gccaggtgat cggccgcgcc acctccaagt gggtgatgat gaaccaggac 600 

acccgccgcc tgcagaaggt ggacgtggac gtgcgcgacg agtacctggt gcactgcccc 660 

cgcgagctgc gcctggcctt ccccgaggag aacaactcct ccctgaagaa gatctccaag 720 
ctggaggacc cctcccagta ctccaagctg ggcctggtgc cccgccgcgc cgacctggac 780 

atgaaccagc acgtgaacaa cgtgacctac atcggctggg tgctggagtc catgccccag 840 
gagatcatcg acacccacga gctgcagacc atcaccctgg actaccgccg cgagtgccag 900 

cacgacgacg tggtggactc cctgacctcc cccgagccct ccgaggacgc cgaggccgtg 960 

ttcaaccaca acggcaccaa cggctccgcc aacgtgtccg ccaacgacca cggctgccgc 1020 
aacttcctgc acctgctgcg cctgtccggc aacggcctgg agatcaaccg cggccgcacc 1080 
gagtggcgca agaagcccac ccgcatggac tacaaggacc acgacggcga ctacaaggac 1140 
cacgacatcg actacaagga cgacgacgac aagtga 1176 

V 

< 210 > SEQ ID NO 41 
11 > LENGTH : 1176 

< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polynucleotide 

< 400 > SEQUENCE : 41 
atggccaccg catccacttt ctcggcgttc aatgcccgct gcggcgacct gcgtcgctcg 60 
gcgggctccg ggccccggcg cccagcgagg cccctccccg tgcgcgggcg cgccatcccc 120 
ccccgcatca tcgtggtgtc ctcctcctcc tccaaggtga accccctgaa gaccgaggcc 180 

gtggtgtcct ccggcctggc cgaccgcctg cgcctgggct ccctgaccga ggacggcctg 240 

tcctacaagg agaagttcat cgtgcgctgc tacgaggtgg gcatcaacaa gaccgccacc 300 
gtggagacca tcgccaacct gctgcaggag gtgggctgca accacgccca gtccgtgggc 360 
tactccaccg goggcttctc caccaccccc accatgcgca agctgcgcct gatctgggtg 420 

accgcccgca tgcacatcga gatctacaag taccccgcct ggtccgacgt ggtggagatc 480 
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gagtcctggg gccagggcga gggcaagatc ggcttccgcc gcgactggat cctgcgcgac 540 
tacgccaccg gccaggtgat cggccgcgcc acctccaagt gggtgatgat gaaccaggac 600 
acccgccgcc tgcagaaggt ggacgtggac gtgcgcgacg agtacctggt gcactgcccc 660 
cgcgagctgc gcctggcctt ccccgaggag aacaactcct ccctgaagaa gatctccaag 720 
ctggaggacc cctcccagta ctccaagctg ggcctggtgc cccgccgcgc cgacctggac 780 

atgaaccagc acgtgaacaa cgtgacctac atcggctggg tgctggagtc catgccccag 840 

gagatcatcg acacccacga gctgcagacc atcaccctgg actaccgccg cgagtgccag 900 

cacgacgacg tggtggactc cctgacctcc cccgagccct ccgaggacgc cgaggccgtg 960 

ttcaaccaca acggcaccaa cggctccgcc aacgtgtccg ccaacgacca cggctgccgc 1020 

aacttcctgc acctgctgcg cctgtccggc aacggcctgg agatcaaccg cggccgcacc 1080 
gagtggcgca agaagcccac ccgcatggac tacaaggacc acgacggcga ctacaaggac 1140 
cacgacatcg actacaagga cgacgacgac aagtga 1176 

< 210 > SEQ ID NO 42 
< 211 > LENGTH : 1176 
< 212 > TYPE : DNA 
13 > ORGANISM : Artificial Sequence 

< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polynucleotide 

< 400 > SEQUENCE : 42 

atggccaccg catccacttt ctcggcgttc aatgcccgct gcggcgacct gcgtcgctcg 60 
gcgggctccg ggccccggcg cccagcgagg cccctccccg tgcgcgggcg cgccatcccc 120 

ccccgcatca tcgtggtgtc ctcctcctcc tccaaggtga accccctgaa gaccgaggcc 180 

gtggtgtcct ccggcctggc cgaccgcctg cgcctgggct ccctgaccga ggacggcctg 240 

tcctacaagg agaagttcat cgtgcgctgc tacgaggtgg gcatcaacaa gaccgccacc 300 

gtggagacca tcgccaacct gctgcaggag gtgggctgca accacgccca gtccgtgggc 360 

tactccaccg goggcttctc caccaccccc accatgcgca agctgcgcct gatctgggtg 420 

accgcccgca tgcacatcga gatctacaag taccccgcct ggtccgacgt ggtggagato 480 

gagtcctggg gccagggcga gggcaagatc ggcgcgcgcc gcgactggat cctgcgcgac 540 

tacgccaccg gccaggtgat cggccgcgcc acctccaagt gggtgatgat gaaccaggac 600 

acccgccgcc tgcagaaggt ggacgtggac gtgcgcgacg agtacctggt gcactgcccc 660 
cgcgagctgc gcctggcctt ccccgaggag aacaactcct ccctgaagaa gatctccaag 720 
ctggaggacc cctcccagta ctccaagctg ggcctggtgc cccgccgcgc cgacctggac 780 

atgaaccagc acgtgaacaa cgtgacctac atcggctggg tgctggagtc catgccccag 840 

gagatcatcg acacccacga gctgcagacc atcaccctgg actaccgccg cgagtgccag 900 
cacgacgacg tggtggactc cctgacctcc cccgagccct ccgaggacgc cgaggccgtg 960 
ttcaaccaca acggcaccaa cggctccgcc aacgtgtccg ccaacgacca cggctgccgc 1020 
aacttcctgc acctgctgcg cctgtccggc aacggcctgg agatcaaccg cggccgcacc 1080 
gagtggcgca agaagcccac ccgcatggac tacaaggacc acgacggcga ctacaaggac 1140 

cacgacatcg actacaagga cgacgacgac aagtga 1176 

< 210 > SEQ ID NO 43 
< 211 > LENGTH : 1176 
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< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polynucleotide 

< 400 > SEQUENCE : 43 

atggccaccg catccacttt ctcggcgttc aatgcccgct goggcgacct gcgtcgctcg 60 
gcgggctccg ggccccggcg cccagcgagg cccctccccg tgcgcgggcg cgccatcccc 120 

ccccgcatca tcgtggtgtc ctcctcctcc tccaaggtga accccctgaa gaccgaggcc 180 

gtggtgtcct ccggcctggc cgaccgcctgcgcctgggct ccctgaccga ggacggcctg 240 
tcctacaagg agaagttcat cgtgcgctgc tacgaggtgg gcatcaacaa gaccgccacc 300 
gtggagacca tcgccaacct gctgcaggag gtgggctgca accacgccca gtccgtgggc 360 

tactccaccg goggcttctc caccaccccc accatgcgca agctgcgcct gatctgggtg 420 

accgcccgca tgcacatcga gatctacaag taccccgcct ggtccgacgt ggtggagato 480 
gagtcctggg gccagggcga gggcaagatc ggcaagcgcc gcgactggat cctgcgcgac 540 

tacgccaccg gccaggtgat cggccgcgcc acctccaagt gggtgatgat gaaccaggac 600 
acccgccgcc tgcagaaggt ggacgtggac gtgcgcgacg agtacctggt gcactgcccc 660 

cgcgagctgc gcctggcctt ccccgaggag aacaactcct ccctgaagaa gatctccaag 720 

ctggaggacc cctcccagta ctccaagctg ggcctggtgc cccgccgcgc cgacctggac 780 
atgaaccagc acgtgaacaa cgtgacctac atcggctggg tgctggagtc catgccccag 840 

gagatcatcg acacccacga gctgcagacc atcaccctgg actaccgccg cgagtgccag 900 
cacgacgacg tggtggactc cctgacctcc cccgagccct ccgaggacgc cgaggccgtg 960 
ttcaaccaca acggcaccaa cggctccgcc aacgtgtccg ccaacgacca cggctgccgc 1020 

aacttcctgc acctgctgcg cctgtccggc aacggcctgg agatcaaccg cggccgcacc 1080 

gagtggcgca agaagcccac ccgcatggac tacaaggacc acgacggcga ctacaaggac 1140 
cacgacatcg actacaagga cgacgacgac aagtga 1176 

< 210 > SEQ ID NO 44 
< 211 > LENGTH : 1176 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polynucleotide 
NN PP 

< 400 > SEQUENCE : 44 
atggccaccg catccacttt ctcggcgttc aatgcccgct gcggcgacct gcgtcgctcg 60 

120 gcgggctccg ggccccggcg cccagcgagg cccctccccg tgcgcgggcg cgccatcccc 
ccccgcatca tcgtggtgtc ctcctcctcc tccaaggtga accccctgaa gaccgaggcc 180 

gtggtgtcct ccggcctggc cgaccgcctg cgcctgggct ccctgaccga ggacggcctg 240 

tcctacaagg agaagttcat cgtgcgctgc tacgaggtgg gcatcaacaa gaccgccacc 300 

gtggagacca tcgccaacct gctgcaggag gtgggctgca accacgccca gtccgtgggc 360 

tactccaccg goggcttctc caccaccccc accatgcgca agctgcgcct gatctgggtg 420 

accgcccgca tgcacatcga gatctacaag taccccgcct ggtccgacgt ggtggagato 480 

gagtcctggg gccagggcga gggcaagatc ggcgtgcgcc gcgactggat cctgcgcgac 540 
tacgccaccg gccaggtgat cggccgcgcc acctccaagt gggtgatgat gaaccaggac 600 
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acccgccgcc tgcagaaggt ggacgtggac gtgcgcgacg agtacctggt gcactgcccc 660 

cgcgagctgc gcctggcctt ccccgaggag aacaactcct ccctgaagaa gatctccaag 720 
ctggaggacC cctcccagta ctccaagctg ggcctggtgc cccgccgcgc cgacctggac 780 
atgaaccagc acgtgaacaa cgtgacctac atcggctggg tgctggagtc catgccccag 840 
gagatcatcg acacccacga gctgcagacc atcaccctgg actaccgccg cgagtgccag 900 

cacgacgacg tggtggactc cctgacctcc cccgagccct ccgaggacgc cgaggccgtg 960 

ttcaaccaca acggcaccaa cggctccgcc aacgtgtccg ccaacgacca cggctgccgc 1020 
aacttcctgc acctgctgcg cctgtccggc aacggcctgg agatcaaccg cggccgcacc 1080 
gagtggcgca agaagcccac ccgcatggac tacaaggacc acgacggcga ctacaaggac 1140 

cacgacatcg actacaagga cgacgacgac aagtga 1176 

< 210 > SEQ ID NO 45 
< 211 > LENGTH : 330 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polypeptide 
< 400 > SEQUENCE : 45 

Ile Pro Pro Arq Ile Ile Val Val Ser Ser Ser Ser Ser Lys Val Asn 

Pro Leu Lys Thr Glu Ala Val Val Ser Ser Gly Leu Ala Asp Arg Leu 
20 30 

Arg Leu Gly Ser Leu Thr Glu Asp Gly Leu Ser Tyr Lys Glu Lys Phe 

Ile Val Arg Cys Tyr Glu Val Gly Ile Asn Lys Thr Ala Thr Val Glu 

Thr Ile Ala Asn Leu Leu Gin Glu Val Gly Cys Asn His Ala Gln Ser 
65 75 80 

Val Gly Tyr Ser Thr Gly Gly Phe Ser Thr Thr Pro Thr Met Arg Lys 

Leu Arg Leu Ile Trp Val Thr Ala Ara Met His Ile Glu Ile Tyr Lys 
100 110 

Tyr Pro Ala Trp Ser Asp Val Val Glu Ile Glu Ser Trp Gly Gin Gly 

Glu Gly Lys Ile Gly Thr Arg Arg Asp Trp Ile Leu Arg Asp Tyr Ala 

Thr Gly Gin Val Ile Gly Arq Ala Thr Ser Lys Trp Val Met Met Asn 
145 155 160 

Gin Asp Thr Arg Arg Leu Gin Lys Val Asp Val Asp Val Arg Asp Glu 

Tyr Leu Val His Cys Pro Arg Glu Leu Arg Leu Ala Phe Pro Glu Glu 
180 190 

Asn Asn Ser Ser Leu Lys Lys Ile Ser Lys Leu Glu Asp Pro Ser Gin 

Tyr Ser Lys Leu Gly Leu Val Pro Arg Arg Ala Asp Leu Asp Met Asn 

Gin His Val Asn Asn Val Thr Tyr Ile Gly Trp Val Leu Glu Ser Met 
225 235 240 

Pro Gin Glu Ile Ile Asp Thr His Glu Leu Gin Thr Ile Thr Leu Asp 
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Tyr Arg Arg Glu Cys Gin His Asp Asp Val Val Asp Ser Leu Thr Ser 

260 270 

Pro Glu Pro Ser Glu Asp Ala Glu Ala Val Phe Asn His Asn Gly Thr 
275 280 285 

Asn Gly Ser Ala Asn Val Ser Ala Asn Asp His Gly Cys Arg Asn Phe 
290 295 300 

Leu His Leu Leu Arg Leu Ser Gly Asn Gly Leu Glu Ile Asn Arg Gly 
305 310 320 

Arg Thr Glu Trp Arg Lys Lys Pro Thr Arg 
325 

< 210 > SEQ ID NO 46 
< 211 > LENGTH : 8510 

TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 

FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polynucleotide 
NNAPE W OWNE 

< 400 > SEQUENCE : 46 

gctcttccca actcagataa taccaatacc cctccttctc ctcctcatcc attcagtacc 60 

cccccccttc tcttcccaaa gcagcaagcg cgtggcttac agaagaacaa tcggcttccg 120 

ccaaagtcgc cgagcactgc ccgacggcgg cgcgcccagc agcccgcttg gccacacagg 180 

caacgaatac attcaatagg gggcctcgca gaatggaagg agcggtaaag ggtacaggag 240 

cactgcgcac aaggggcctg tgcaggagtg actgactggg cgggcagacg gcgcaccgcg 300 

ggcgcaggca agcagggaag attgaagcgg cagggaggag gatgctgatt gaggggggca 360 

tcgcagtctc tcttggaccc gggataagga agcaaatatt cggccggttg ggttgtgtgt 420 

gtgcacgttt tcttcttcag agtcgtgggt gtgcttccag ggaggatata agcagcagga 480 

tcgaatcccg cgaccagcgt ttccccatcc agccaaccac cctgtcggta ccctttcttg 540 

cgctatgaca cttccagcaa aaggtagggc gggctgcgag acggcttccc ggcgctgcat 600 

gcaacaccga tgatgcttcg accccccgaa gctccttcgg ggctgcatgg gcgctccgat 660 
gccgctccag ggcgagcgct gtttaaatag ccaggccccc gattgcaaag acattatago 720 
gagctaccaa agccatattc aaacacctag atcactacca cttctacaca ggccactcga 780 

gottgtgatc gcactccgct aagggggcgc ctcttcctct tcgtttcagt cacaacccgc 840 

aaactctaga atatcaatgc tgctgcaggc cttcctgttc ctgctggccg gcttcgccgc 900 

caagatcagc gcctccatga cgaacgagac gtccgaccgc cccctggtgc acttcacccc 960 

caacaagggc tggatgaacg accccaacgg cctgtggtac gacgagaagg acgccaagtg 1020 
gcacctgtac ttccagtaca acccgaacga caccgtctgg gggacgccct tgttctgggg 1080 
ccacgccacg tccgacgacc tgaccaactg ggaggaccag cccatcgcca tcgccccgaa 1140 

gcgcaacgac tccggcgcct tctccggctc catggtggtg gactacaaca acacctccgg 1200 

cttcttcaac gacaccatcg acccgcgcca gcgctgcgtg gccatctgga cctacaacac 1260 
cccggagtcc gaggagcagt acatctccta cagcctggac ggcggctaca ccttcaccga 1320 

gtaccagaag aaccccgtgc tggccgccaa ctccacccag ttccgcgacc cgaaggtctt 1380 

ctggtacgag ccctcccaga agtggatcat gaccgcggcc aagtcccagg actacaagat 1440 
cgagatctac tcctccgacg acctgaagtc ctggaagctg gagtccgcgt tcgccaacga 1500 
gggcttcctc ggctaccagt acgagtgccc cggcctgatc gaggtcccca ccgagcagga 1560 
ccccagcaag tcctactggg tgatgttcat ctccatcaac cccggcgccc cggccggcgg 1620 
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ctccttcaac cagtacttcg tcggcagctt caacggcacc cacttcgagg ccttcgacaa 1680 

ccagtcccgc gtggtggact tcggcaagga ctactacgcc ctgcagacct tcttcaacac 1740 
cgacccgacc tacgggagcg ccctgggcat cgcgtgggcc tccaactggg agtactccgc 1800 
cttcgtgccc accaacccct ggcgctcctc catgtccctc gtgcgcaagt tctccctcaa 1860 
caccgagtac caggccaacc cggagacgga gctgatcaac ctgaaggccg agccgatcct 1920 

gaacatcagc aacgccggcc cctggagccg gttcgccacc aacaccacgt tgacgaaggc 1980 
caacagctac aacgtcgacc tgtccaacag caccggcacc ctggagttcg agctggtgta 2040 

cgccgtcaac accacccaga cgatctccaa gtccgtgttc goggacctct ccctctggtt 2100 
caagggcctg gaggaccccg aggagtacct ccgcatgggc ttcgaggtgt ccgcgtcctc 2160 
cttcttcctg gaccgcggga acagcaaggt gaagttogtg aaggagaacc cctacttcac 2220 
caaccgcatg agcgtgaaca accagccctt caagagcgag aacgacctgt cctactacaa 2280 
ggtgtacggc ttgctggacc agaacatcct ggagctgtac ttcaacgacg gcgacgtcgt 2340 
gtccaccaac acctacttca tgaccaccgg gaacgccctg ggctccgtga acatgacgac 2400 
gggggtggac aacctgttct acatcgacaa gttccaggtg cgcgaggtca agtgacaatt 2460 

gacgcccgcg cggcgcacct gacctgttct ctcgagggcg cctgttctgc cttgcgaaac2520 
aagcccctgg agcatgcgtg catgatcgtc tctggcgccc cgccgcgcgg tttgtcgccc 2580 
tcgcgggcgc cgcggccgcg ggggcgcatt gaaattgttg caaaccccac ctgacagatt 2640 
gagggcccag gcaggaaggc gttgagatgg aggtacagga gtcaagtaac tgaaagtttt 2700 
tatgataact aacaacaaag ggtcgtttct ggccagcgaa tgacaagaac aagattccac 2760 
atttccgtgt agaggottgc catcgaatgt gagcgggcgg gccgcggacc cgacaaaacc 2820 
cttacgacgt ggtaagaaaa acgtggcggg cactgtccct gtagcctgaa gaccagcagg 2880 
agacgatcgg aagcatcaca gcacaggatc ccgcgtctcg aacagagcgc gcagaggaac 2940 
gctgaaggtc tcgcctctgt cgcacctcag cgcggcatac accacaataa ccacctgacg 3000 
aatgcgcttg gttcttcgtc cattagcgaa gcgtccggtt cacacacgtg ccacgttggc 3060 

gaggtggcag gtgacaatga tcggtggagc tgatggtcga aacgttcaca gcctaggtac 3120 

gccgctcagc ctacacgtct tctccgatac ctttccctca ttgcatttta tgccagactg 3180 
ggtcccagcc tgggtgggtg ctcccgctcg attgctcgtg tcggaggcgg ggcacccccg 3240 
ctctctctat ttatcactgc ctctccccga ccaaccctga cgactgtaac cctgccagaa 3300 

acaattcagc ctcatcaaac cgagttgtgc acaagggcga ctaatttttt agtcgggaaa 3360 

caacccgctt ccagaagcat ccggacgggg gtagcgaggc tgtgtcgagc gccgtgggga 3420 
tctggccggt gaggtgcccg aaatccgtgt acagctcagc ggctgggatc atcgaccccc 3480 
gggatcatcg accccgtggg ccgggccccc ggaccctata actaaaagcc gacgccagtg 3540 
caaaaccaca aacatttact ccttaatcct ccctcctcct tcatacacac ccacaagtaa 3600 

tcaactcacc catatggcca tcgccgccgc cgccgtgatc gtgcccctgg gcctgctgtt 3660 
cttcatctcc ggcctggtgg tgaacctgat ccaggccctg tgcttcgtgc tgatccgccc 3720 
cctgtccaag aacacctacc gcaagatcaa ccgcgtggtg gccgagctgc tgtggctgga 3780 

gctgatctgg ctggtggact ggtgggccgg cgtgaagatc aaggtgttca tggaccccga 3840 

gtccttcaac ctgatgggca aggagcacgc cctggtggtg gccaaccacc gctccgacat 3900 
cgactggctg gtgggctggc tgctggccca gcgctccggc tgcctgggct ccgccctggc 3960 
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cgtgatgaag aagtcctcca agttcctgcc cgtgatcggc tggtccatgt ggttctccga 4020 
gtacctgttc ctggagcgct cctgggccaa ggacgagaac accctgaagg ccggcctgca 4080 
gcgcctgaag gacttcCCCC gccccttctggctggccttc ttcgtggagg gcacccgctt 4140 

cacccaggcc aagttcctgg ccgcccagga gtacgccgcc toccagggcc tgcccatccc 4200 

ccgcaacgtg ctgatccccc gcaccaaggg cttcgtgtcc gccgtgtccc acatgcgctc 4260 
cttcgtgccc gccatctacg acatgaccgt ggccatcccc aagtcctccc cctcccccac 4320 

catgctgcgc ctgttcaagg gccagccctc cgtggtgcac gtgcacatca agcgctgcct 4380 

gatgaaggag ctgcccgaga ccgacgaggc cgtggcccag tggtgcaagg acatgttcgt 4440 

ggagaaggac aagctgctgg acaagcacat cgccgaggac accttctccg accagcccat 4500 
gcaggacctg ggccgcccca tcaagtccct gctggtggtg gcctcctggg cctgcctgat 4560 
ggcctacggc gccctgaagt tcctgcagtg ctcctccctg ctgtcctcct ggaagggcat 4620 
cgccttcttc ctggtgggcc tggccatcgt gaccatcctg atgcacatcc tgatcctgtt 4680 

ctcccagtcc gagcgctcca cccccgccaa ggtggccccc ggcaagcoca agaacgacgg 4740 
cgagacctcc gaggcccgcc gogacaagca gcagtgaatg catatgtgga gatgtagggt 4800 
ggtcgactcg ttggaggtgg gtgttttttt ttatcgagtg cgcggcgcgg caaacgggtc 4860 

cctttttatc gaggtgttcc caacgccgca ccgccctctt aaaacaaccc ccaccaccac 4920 

ttgtcgacct tctcgtttgt tatccgccac ggcgccccgg aggggcgtcg tctggccgcg 4980 
cgggcagctg tatcgccgcg ctcgctccaa tggtgtgtaa tcttggaaag ataataatcg 5040 
atggatgagg aggagagcgt gggagatcag agcaaggaat atacagttgg cacgaagcag 5100 
cagcgtacta agctgtagcg tgttaagaaa gaaaaactcg ctgttaggct gtattaatca 5160 
aggagcgtat caataattac cgaccctata cctttatctc caacccaatc gcggottaag 5220 
gatctaagta agattcgaag cgctcgaccg tgccggacgg actgcagccc catgtcgtag 5280 

tgaccgccaa tgtaagtggg ctggcgtttc cctgtacgtg agtcaacgtc actgcacgcg 5340 

caccaccctc tcgaccggca ggaccaggca tcgcgagata cagcgcgagc cagacacgga 5400 

gtgccgagct atgcgcacgc tccaactaga tatcatgtgg atgatgagca tgaattcctg 5460 

gctcgggcct cgtgctggca ctccctccca tgccgacaac ctttctgctg tcaccacgac 5520 

ccacgatgca acgcgacacg acccggtggg actgatcggt tcactgcacc tgcatgcaat 5580 

tgtcacaagc gcatactcca atcgtatccg tttgatttct gtgaaaactc gctcgaccgc 5640 

ccgcgtcccg caggcagcga tgacgtgtgc gtgacctggg tgtttcgtcg aaaggccagc 5700 
aaccccaaat cgcaggcgat ccggagattg ggatctgatc cgagcttgga ccagatcccc 5760 
cacgatgcgg cacgggaact gcatcgactc ggcgcggaac ccagctttcg taaatgccag 5820 
attggtgtcc gataccttga tttgccatca gcgaaacaag acttcagcag cgagcgtatt 5880 

tggcgggcgt gctaccaggg ttgcatacat tgcccatttc tgtctggacc gctttaccgg 5940 

cgcagagggt gagttgatgg ggttggcagg catcgaaacg cgcgtgcatg gtgtgtgtgt 6000 
ctgttttcgg ctgcacaatt tcaatagtcg gatgggcgac ggtagaattg ggtgttgcgc 6060 
tcgcgtgcat gcctcgcccc gtcgggtgtc atgaccggga ctggaatccc ccctcgcgac 6120 
cctcctgcta acgctcccga ctctcccgcc cgcgcgcagg atagactcta gttcaaccaa 6180 
tcgacaacta gtatggccac cgcatccact ttctcggcgt tcaatgcccg ctgcggcgac 6240 
ctgcgtcgct cggcgggctc cgggccccgg cgcccagcga ggcccctccc cgtgcgcggg 6300 
cgcgccatccccccccgcat catcgtggtg tcctcctcct cctccaaggt gaaccccctg 6360 
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aagaccgagg ccgtggtgtc ctccggcctg gccgaccgcc tgcgcctggg ctccctgacc 6420 
gaggacggcc tgtcctacaa ggagaagttc atcgtgcgct gctacgaggt gggcatcaac 6480 
aagaccgcca ccgtggagac catcgccaac ctgctgcagg aggtggcgtg caaccacgcc 6540 
cagtccgtgg gctactccac cgccggcttc tccaccaccc ccaccatgcg caagctgcgc 6600 
ctgatctggg tgaccgcccg catgcacatc gagatctaca agtaccccgc ctggtccgac 6660 
gtggtggaga tcgagtcctg gggccagggc gagggcaaga tcggcacccg ccgcgactgg 6720 
atcctgcgcg actacgccac cggccaggtg atcggccgcg ccacctccaa gtgggtgatg 6780 
atgaaccagg acacccgccg cctgcagaag gtggacgtgg acgtgcgcga cgagtacctg 6840 

gtgcactgcc cccgcgagct gcgcctggcc ttccccgagg agaacaactc ctccctgaag 6900 
aagatctcca agctggagga cccctcccag tactccaagc tgggcctggt gccccgccgc 6960 
gccgacctgg acatgaacca gcacgtgaac aacgtgacct acatcggctg ggtgctggag 7020 
tccatgcccc aggagatcat cgacacccac gagctgcaga ccatcaccct ggactaccgc 7080 
cgcgagtgcc agcacgacga cgtggtggac tccctgacct cccccgagcc ctccgaggac 7140 
gccgaggccg tgttcaacca caacggcacc aacggctccg ccaacgtgtc cgccaacgac 7200 

cacggctgcc gcaacttcct gcacctgctg cgcctgtccg gcaacggcct ggagatcaac 7260 
cgcggccgca ccgagtggcg caagaagccc acccgcatgg actacaagga ccacgacggc 7320 

gactacaagg accacgacat cgactacaag gacgacgacg acaagtgaat cgatggagcg 7380 

acgagtgtgc gtgcggggct ggcgggagtg ggacgccctc ctcgctcctc tctgttctga 7440 
acggaacaat cggccacccc gcgctacgcg ccacgcatcg agcaacgaag aaaacccccc 7500 
gatgataggt tgcggtggct gccgggatat agatccggcc gcacatcaaa gggcccctcc 7560 
gccagagaag aagctccttt cccagcagac tccttctgct gccaaaacac ttctctgtcc 7620 

acagcaacac caaaggatga acagatcaac ttgcgtctcc gcgtagcttc ctcggctagc 7680 

gtgcttgcaa caggtccctg cactattatc ttcctgcttt cctctgaatt atgcggcagg 7740 
cgagcgctcg ctctggcgag cgctccttcg cgccgccctc gctgatcgag tgtacagtca 7800 
atgaatggtg agctcttgtt ttccagaagg agttgctcct tgagcctttc attctcagcc 7860 
tcgataacct ccaaagccgc tctaattgtg gagggggttc gaaccgaatg ctgcgtgaac 7920 

gggaaggagg aggagaaaga gtgagcaggg agggattcag aaatgagaaa tgagaggtga 7980 

aggaacgcat ccctatgccc ttgcaatgga cagtgtttct ggccaccgcc accaagactt 8040 
cgtgtcctct gatcatcatg cgattgatta cgttgaatgc gacggccggt cagccccgga 8100 
cctccacgca ccggtgctcc tccaggaaga tgcgcttgtc ctccgccatc ttgcagggct 8160 

caagctgctc ccaaaactct tgggcgggtt ccggacggac ggctaccgcg ggtgcggccc 8220 

tgaccgccac tgttcggaag cagcggcgct gcatgggcag cggccgctgc ggtgcgccac 8280 
ggaccgcatg atccaccgga aaagcgcacg cgctggagcg cgcagaggac cacagagaag 8340 

cggaagagac gccagtactg gcaagcaggc tggtcggtgc catggcgcgc tactaccctc 8400 
gctatgactc gggtcctcgg ccggctggcg gtgctgacaa ttcgtttagt ggagcagcga 8460 

ctccattcag ctaccagtcg aactcagtgg cacagtgact cccgctcttc 8510 

< 210 > SEQ ID NO 47 
< 211 > LENGTH : 1188 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 



US 10 , 246 , 728 B2 
173 174 

- continued 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polynucleotide 

< 400 > SEQUENCE : 47 

actagtatgg ccaccgcatc cactttctcg gcgttcaatg cccgctgcgg cgacctgcgt 60 
cgctcggcgg gotccgggcc ccggcgccca gcgaggcccc tccccgtgcg cgggcgcgcc 120 
atcccccccc gcatcatcgt ggtgtcctcc tcctcctcca aggtgaaccc cctgaagacc 180 

gaggccgtgg tgtcctccgg cctggccgac cgcctgcgcc tgggctccct gaccgaggac 240 

ggcctgtcct acaaggagaa gttcatcgtg cgctgctacg aggtgggcat caacaagacc 300 
gccaccgtgg agaccatcgc caacctgctg caggaggtgg gctgcaacca cgcccagtcc 360 

gtgggctact ccaccgccgg cttctccacc acccccacca tgcgcaagct gcgcctgato 420 

tgggtgaccg cccgcatgca catcgagatc tacaagtacc ccgcctggtc cgacgtggtg 480 

gagatcgagt cctggggcca gggcgagggc aagatcggca cccgccgcga ctggatcctg 540 

cgcgactacg ccaccggcca ggtgatcggc cgcgccacct ccaagtgggt gatgatgaac 600 

caggacaccc gccgcctgca gaaggtggac gtggacgtgc gcgacgagta cctggtgcac 660 
tgcccccgcg agctgcgcct ggccttcccc gaggagaaca actcctccct gaagaagatc 720 

tccaagctgg aggacccctc ccagtactcc aagctgggcc tggtgccccg ccgcgccgac 780 
ctggacatga accagcacgt gaacaacgtg acctacatcg gctgggtgct ggagtccatg 840 
ccccaggaga tcatcgacac ccacgagctg cagaccatca ccctggacta ccgccgcgag 900 
toccagcacg acgacgtggt ggactccctg acctcccccg agccctccga ggacgccgag 960 

gccgtgttca accacaacgg caccaacggc tccgccaacg tgtccgccaa cgaccacggc 1020 
tgccgcaact tcctgcacct gctgcgcctg tccggcaacg gcctggagat caaccgcggc 1080 
cgcaccgagt ggcgcaagaa goccacccgc atggactaca aggaccacga cggcgactac 1140 

aaggaccacg acatcgacta caaggacgac gacgacaagt gaatcgat 1188 

< 210 > SEQ ID NO 48 
< 211 > LENGTH : 1188 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polynucleotide 
NNN NN EPP WoWNA 

< 400 > SEQUENCE : 48 

actagtatgg ccaccgcatc cactttctcg gcgttcaatg cccgctgcgg cgacctgcgt 60 
cgctcggcgg gctccgggcc ccggcgccca gcgaggcccc tccccgtgcg cgggcgcgcc 
atcccccccc gcatcatcgt ggtgtcctcc tcctcctcca aggtgaaccc cctgaagacc 

120 
180 

gaggccgtgg tgtcctccgg cctggccgac cgcctgcgcc tgggctccct gaccgaggac 240 

ggcctgtcct acaaggagaa gttcatcgtg cgctgctacg aggtgggcat caacaagacc 300 

gccaccgtgg agaccatcgc caacctgctg caggaggtgg cgtgcaacca cgcccagtcc 360 
gtgggctact ccaccggcgg cttcgccacc acccccacca tgcgcaagct gcgcctgatc 420 

tgggtgaccg cccgcatgca catcgagatc tacaagtacc ccgcctggtc cgacgtggtg 480 

gagatcgagt cctggggcca gggcgagggc aagat cggca cccgccgcga ctggatcctg 540 

cgcgactacg ccaccggcca ggtgatcggc cgcgccacct ccaagtgggt gatgatgaac 600 

caggacaccc gccgcctgca gaaggtggac gtggacgtgc gcgacgagta cctggtgcac 660 

tgcccccgcg agctgcgcct ggccttcccc gaggagaaca actcctccct gaagaagatc 720 
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- continued 

tccaagctgg aggacccctc ccagtactcc aagctgggcc tggtgccccg ccgcgccgac 780 
ctggacatga accagcacgt gaacaacgtg acctacatcg gctgggtgct ggagtccatg 840 
ccccaggaga tcatcgacac ccacgagctg cagaccatca ccctggacta ccgccgcgag 900 
tgccagcacg acgacgtggt ggactccctg acctcccccg agccctccga ggacgccgag 960 
gccgtgttca accacaacgg caccaacggc tccgccaacg tgtccgccaa cgaccacggc 1020 
tgccgcaact tcctgcacct gctgcgcctg tccggcaacg gcctggagat caaccgcggc 1080 
cgcaccgagt ggcgcaagaa goccacccgc atggactaca aggaccacga cggcgactac 1140 
aaggaccacg acatcgacta caaggacgac gacgacaagt gaatcgat 1188 

< 210 > SEQ ID NO 49 
< 211 > LENGTH : 1188 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 

20 > FEATURE : 
223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polynucleotide 

V 

V 

< 400 > SEQUENCE : 49 
actagtatgg ccaccgcatc cactttctcg gcgttcaatg cccgctgcgg cgacctgcgt 60 
cgctcggcgg gctccgggcc ccggcgccca gcgaggcccc tccccgtgcg cgggcgcgcc 120 
atcccccccc gcatcatcgt ggtgtcctcc tcctcctcca aggtgaaccc cctgaagacc 180 
gaggccgtgg tgtcctccgg cctggccgac cgcctgcgcc tgggctccct gaccgaggac 240 

ggcctgtcct acaaggagaa gttcatcgtg cgctgctacg aggtgggcat caacaagacc 300 

gccaccgtgg agaccatcgc caacctgctg caggaggtgg cgtgcaacca cgcccagtcc 360 

gtgggctact ccaccggcgg cttctccacc acccccacca tgcgcaagct gcgcctgatc 420 

tgggtgaccg cccgcatgca catcgagatc tacaagtacc ccgcctggtc cgacgtggtg 480 

gagatcgagt cctggggcca gggcgagggc aagatcggca cccgccgcga ctggatcctg 540 

cgcgactacg ccaccggcca ggtgatcggc cgcgccacct ccaagtgggt gatgatgaac 600 

caggacaccc gccgcctgca gaaggtggac gcggacgtgc gcgacgagta cctggtgcac 660 
tgcccccgcg agctgcgcct ggccttcccc gaggagaaca actcctccct gaagaagato 720 

tocaagctgg aggacccctc ccagtactcc aagctgggcc tggtgccccg ccgcgccgac 780 

ctggacatga accagcacgt gaacaacgtg acctacatcg gctgggtgct ggagtccatg ccatg 840 
ccccaggaga tcatcgacac ccacgagctg cagaccatca ccctggacta ccgccgcgag 900 
toccagcacg acgacgtggt ggactccctg acctcccccg agccctccga ggacgccgag 960 

gccgtgttca accacaacgg caccaacggc tccgccaacg tgtccgccaa cgaccacggc 1020 
tgccgcaact tcctgcacct gctgcgcctg tccggcaacg gcctggagat caaccgcggc 1080 

cgcaccgagt ggcgcaagaa gcccacccgc atggactaca aggaccacga cggcgactac 1140 

aaggaccacg acatcgacta caaggacgac gacgacaagt gaatcgat 1188 

< 210 > SEQ ID NO 50 
< 211 > LENGTH : 1188 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 

20 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polynucleotide 

< 400 > SEQUENCE : 50 
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177 178 

- continued 
actagtatgg ccaccgcatc cactttctcg gcgttcaatg cccgctgcgg cgacctgcgt 60 
cgctcggcgg gctccgggcc ccggcgccca gcgaggcccc tccccgtgcg cgggcgcgcc 120 

atcccccccc gcatcatcgt ggtgtcctcc tcctcctcca aggtgaaccc cctgaagacc 180 

gaggccgtgg tgtcctccgg cctggccgac cgcctgcgcc tgggctccct gaccgaggac 240 

ggcctgtcct acaaggagaa gttcatcgtg cgctgctacg aggtgggcat caacaagacc 300 

gccaccgtgg agaccatcgc caacctgctg caggaggtgg gctgcaacca cgcccagtcc 360 

gtgggctact ccaccgccgg cttcgccacc acccccacca tgcgcaagct gcgcctgatc 420 

tgggtgaccg cocgcatgca catcgagatc tacaagtacc ccgcctggtc cgacgtggtg 480 

gagatcgagt cctggggcca gggcgagggc aagatcggca cccgccgcga ctggatcctg 540 

cgcgactacg ccaccggcca ggtgatcggc cgcgccacct ccaagtgggt gatgatgaac 600 

caggacaccc gccgcctgca gaaggtggac gtggacgtgc gcgacgagta cctggtgcac 660 

tgcccccgcg agctgcgcct ggccttcccc gaggagaaca actcctccct gaagaagato 720 

tccaagctgg aggacccctc ccagtactcc aagctgggcc tggtgccccg ccgcgccgac 780 
ctggacatga accagcacgt gaacaacgtg acctacatcg gctgggtgct ggagtccatg 
ccccaggaga tcatcgacac ccacgagctg cagaccatca ccctggacta ccgccgcgag 

840 
900 

toccagcacg acgacgtggt ggactccctg acctcccccg agccctccga ggacgccgag 960 

gccgtgttca accacaacgg caccaacggc tccgccaacg tgtccgccaa cgaccacggc 1020 
tgccgcaact tcctgcacct gctgcgcctg tccggcaacg gcctggagat caaccgcggc 1080 

cgcaccgagt ggcgcaagaa goccacccgc atggactaca aggaccacga cggcgactac 1140 
aaggaccacg acatcgacta caaggacgac gacgacaagt gaatcgat 1188 

< 210 > SEQ ID NO 51 
< 211 > LENGTH : 1188 

TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 

FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polynucleotide 

NNNNN 
< 400 > SEQUENCE : 51 
actagtatgg ccaccgcatc cactttctcg gcgttcaatg cccgctgcgg cgacctgcgt 60 
cgctcggcgg gctccgggcc ccggcgccca gcgaggcccc tccccgtgcg cgggcgcgcc 120 
atcccccccc gcatcatcgt ggtgtcctcc tcctcctcca aggtgaaccc cctgaagacc 180 

gaggccgtgg tgtcctccgg cctggccgac cgcctgcgcc tgggctccct gaccgaggac 240 
ggcctgtcct acaaggagaa gttcatcgtg cgctgctacg aggtgggcat caacaagacc 300 

gccaccgtgg agaccatcgc caacctgctg caggaggtgg gctgcaacca cgcccagtcc 360 
gtgggctact ccaccgccgg cttctccacc acccccacca tgcgcaagct gcgcctgato 420 

tgggtgaccg cccgcatgca catcgagato tacaagtacc ccgcctggtc cgacgtggtg 480 

gagatcgagt cctggggcca gggcgagggc aagatcggca cccgccgcga ctggatcctg 540 

cgcgactacg ccaccggcca ggtgatcggc cgcgccacct ccaagtgggt gatgatgaac 600 

caggacacoc gccgcctgca gaaggtggac gcggacgtgc gcgacgagta cctggtgcac 660 

tgcccccgcg agctgcgcct ggccttcccc gaggagaaca actcctccct gaagaagato 720 

tccaagctgg aggacccctc ccagtactcc aagctgggcc tggtgccccg ccgcgccgac 780 
ctggacatga accagcacgt gaacaacgtg acctacatcg gctgggtgct ggagtccatg 840 
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- continued 
ccccaggaga tcatcgacac ccacgagctg cagaccatca ccctggacta ccgccgcgag 900 

tgccagcacg acgacgtggt ggactccctg acctcccccg agccctccga ggacgccgag 960 
gccgtgttca accacaacgg caccaacggc tccgccaacg tgtccgccaa cgaccacggc 1020 
tgccgcaact tcctgcacct gctgcgcctg tccggcaacg gcctggagat caaccgcggc 1080 
cgcaccgagt ggcgcaagaa gcccacccgc atggactaca aggaccacga cggcgactac 1140 

aaggaccacg acatcgacta caaggacgac gacgacaagt gaatcgat 1188 

< 210 > SEQ ID NO 52 
< 211 > LENGTH : 1188 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polynucleotide 

< 400 > SEQUENCE : 52 

actagtatgg ccaccgcatc cactttctcg gcgttcaatg cccgctgcgg cgacctgcgt 60 
cgctcggcgg gotccgggcc ccggcgccca gcgaggcccc tccccgtgcg cgggcgcgcc 120 
atcccccccc gcatcatcgt ggtgtcctcc tcctcctcca aggtgaaccc cctgaagacc 180 

gaggccgtgg tgtcctccgg cctggccgac cgcctgcgcc tgggctccct gaccgaggac 240 

ggcctgtcct acaaggagaa gttcatcgtg cgctgctacg aggtgggcat caacaagacc 300 

gccaccgtgg agaccatcgc caacctgctg caggaggtgg cgtgcaacca cgcccagtcc 360 

gtgggctact ccaccgccgg cttcgccacc acccccacca tgcgcaagct gcgcctgatc 420 
tgggtgaccg cccgcatgca catcgagatc tacaagtacc ccgcctggtc cgacgtggtg 480 

gagatcgagt cctggggcca gggcgagggc aagatcggca cccgccgcga ctggatcctg 540 

cgcgactacg ccaccggcca ggtgatcggc cgcgccacct ccaagtgggt gatgatgaac 600 

caggacacoc gccgcctgca gaaggtggac gtggacgtgc gcgacgagta cctggtgcac 660 

tgcccccgcg agctgcgcct ggccttcccc gaggagaaca actcctccct gaagaagato 720 

tccaagctgg aggacccctc ccagtactcc aagctgggcc tggtgccccg ccgcgccgac 780 

ctggacatga accagcacgt gaacaacgtg acctacatcg gctgggtgct ggagtccatg 840 

ccccaggaga tcatcgacac ccacgagctg cagaccatca ccctggacta ccgccgcgag 900 
toccagcacg acgacgtggt ggactccctg acctcccccg agccctccga ggacgccgag 960 
gccgtgttca accacaacgg caccaacggc tccgccaacg tgtccgccaa cgaccacggc 1020 
tgccgcaact tcctgcacct gctgcgcctg tccggcaacg gcctggagat caaccgcggc 1080 
cgcaccgagt ggcgcaagaa gcccacccgc atggactaca aggaccacga cggcgactac 1140 

aaggaccacg acatcgacta caaggacgac gacgacaagt gaatcgat 1188 

< 210 > SEQ ID NO 53 
< 211 > LENGTH : 1188 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polynucleotide 

< 400 > SEQUENCE : 53 

actagtatgg ccaccgcatc cactttctcg gcgttcaatg cccgctgcgg cgacctgcgt 60 

cgctcggcgg gctccgggcc ccggcgccca gcgaggcccc tccccgtgcg cgggcgcgcc 120 

atcccccccc gcatcatcgt ggtgtcctcc tcctcctcca aggtgaaccc cctgaagacc 180 



US 10 , 246 , 728 B2 
181 182 

- continued 

gaggccgtgg tgtcctccgg cctggccgac cgcctgcgcc tgggctccct gaccgaggac 240 
ggcctgtcct acaaggagaa gttcatcgtg cgctgctacg aggtgggcat caacaagacc 300 

gccaccgtgg agaccatcgc caacctgctg caggaggtgg cgtgcaacca cgcccagtcc 360 

gtgggctact ccaccgccgg cttctccacc acccccacca tgcgcaagct gcgcctgatc 420 

tgggtgaccg cocgcatgca catcgagatc tacaagtacc ccgcctggtc cgacgtggtg 480 

gagatcgagt cctggggcca gggcgagggc aagatcggca cccgccgcga ctggatcctg 540 

cgcgactacg ccaccggcca ggtgatcggc cgcgccacct ccaagtgggt gatgatgaac 600 

caggacacoc gccgcctgca gaaggtggac goggacgtgc gcgacgagta cctggtgcac 660 

tgcccccgcg agctgcgcct ggccttcccc gaggagaaca actcctccct gaagaagato 720 

tccaagctgg aggacccctc ccagtactcc aagctgggcc tggtgccccg ccgcgccgac 780 

ctggacatga accagcacgt gaacaacgtg acctacatcg gctgggtgct ggagtccatg 840 

ccccaggaga tcatcgacac ccacgagctg cagaccatca ccctggacta ccgccgcgag 900 
toccagcacg acgacgtggt ggactccctg acctcccccg agccctccga ggacgccgag 960 

gccgtgttca accacaacgg caccaacggc tccgccaacg tgtccgccaa cgaccacggc 1020 
tgccgcaact tcctgcacct gctgcgcctg tccggcaacg gcctggagat caaccgcggc 1080 
cgcaccgagt ggcgcaagaa goccacccgc atggactaca aggaccacga cggcgactac 1140 

aaggaccacg acatcgacta caaggacgac gacgacaagt gaatcgat 1188 

< 210 > SEQ ID NO 54 
< 211 > LENGTH : 1188 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polynucleotide 

< 400 > SEQUENCE : 54 

actagtatgg ccaccgcatc cactttctcg gcgttcaatg cccgctgcgg cgacctgcgt 60 
cgctcggcgg gotccgggcc ccggcgccca gcgaggcccc tccccgtgcg cgggcgcgcc 120 

atcccccccc gcatcatcgt ggtgtcctcc tcctcctcca aggtgaaccc cctgaagacc 180 
gaggccgtgg tgtcctccgg cctggccgac cgcctgcgcc tgggctccct gaccgaggac 240 

ggcctgtcct acaaggagaa gttcatcgtg cgctgctacg aggtgggcat caacaagacc 300 

gccaccgtgg agaccatcgc caacctgctg caggaggtgg cgtgcaacca cgcccagtcc 360 

gtgggctact ccaccggcgg cttcgccacc acccccacca tgcgcaagct gcgcctgatc 420 

tgggtgaccg cccgcatgca catcgagatc tacaagtacc ccgcctggtc cgacgtggtg 480 

gagatcgagt cctggggcca gggcgagggc aagatcggca cccgccgcga ctggatcctg 540 

cgcgactacg ccaccggcca ggtgatcggc cgcgccacct ccaagtgggt gatgatgaac 600 

caggacacoc gccgcctgca gaaggtggac goggacgtgc gcgacgagta cctggtgcac 660 

tgcccccgcg agctgcgcct ggccttcccc gaggagaaca actcctccct gaagaagato 720 

tccaagctgg aggacccctc ccagtactcc aagctgggcc tggtgccccg ccgcgccgac 780 

ctggacatga accagcacgt gaacaacgtg acctacatcg gctgggtgct ggagtccatg 840 
ccccaggaga tcatcgacac ccacgagctg cagaccatca ccctggacta ccgccgcgag 900 
toccagcacg acgacgtggt ggactccctg acctcccccg agccctccga ggacgccgag 960 

gccgtgttca accacaacgg caccaacggc tccgccaacg tgtccgccaa cgaccacggc 1020 
















